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WLTRASOIiMD eoriTRAST A^^OTS PROCESS FOR THi 

FREPARATSO!^ THEREOF 
The present invention relates to a process for the prepamtlon of a dry or 
iyophilized formulation useftjl for preparing a . gas cantaining contrast agent 
5 asabie in diagnsstic Imaging ano* to « prxjc«ss;f^^^ preparing said gas contasfYlng 
contrast agent- 

The Invention ^Iso inefeiESi^s dty forniyiistlons prepared by this process, wftieh 
be roconstrbjst^d to form contrast sg^nt suspensions useful in diagnos 
Imaging. The Inv^entldh further indtidess susisenslons of gsts fiiieM n^i^i;ro^3ubbfes 
10 ussfi^} In; d lag nnstfc; Imaging prejjared using tlry fdrmulations of the Invention as 
well as conts I mrs or two component kits Gonta i ning the d ry formula tiofts of the 
iiRventlon. 

Sackgroimd of ths Invesitlon 
Rapiid deveioposent of ultrasound contrast agents In the recent years has 

IS generated « number of <j!ffierent ^rfhtilatidns^ which are useful Ip ultrasound 
imaging of organs an<d tlss^uepf human or animafhGdy/Thes^ are 
designed to be used pfirnaflly as Intrsvenous or intra-arterlal inj^ctabtes in 
cbnjiin¥;tsGn Wiih the use of echographtc; eiguipmsnt which employs for 

exam pie, B~ mode I mage forrnafcjon (based on the spatia I distribution of 

20 tja^kscatti^f tissue proipertles) or Doppier :slgnal processing (based on 
Continuous Wave or pubed Poppfer proeesslng of ultrasonic ecHoes to 
determine bipod or liquid flow parameters)- 

A class of mjecfcable formulations useful as ujfcmsound contrast agents 
Indades suspensions of ga^ bubbles ha^^ln^ a diameter of few ri^icrons dtsperseid 

25 In an aqueous medium. 

Use of ^usp^hisiVons of f as teubbies \p. cafriesf lic|uld> as oMcieni uitrasounci 
reflectors lis well known In the art, The develo|snient of mlcrdbybble suspensions 
as ©chopharmaceyttcals for enhancement of ultrasound IliFia^ln^ fpUdWed early 
observations that rapid intravenous injeetlens of aqueouS: solutions can cajise 

3{> dissolved gases to come out of solution by forming bubbles. Due to their 
substantial difference in acoustic Impedance rslstsve to fetood, these 
intravasculsr gas bubbles were found to be excellent reflectors of ultrasound. 
The Injection of suspensions of gas bubbles In a carrier liquid Into the blood 
stream of a living organism strongly reinforces ultrasonic echography imaging, 

35 ^*»s ebhahcmg the visualisation of internal organs. Since Imaging of organs and 
deep seated tissues can: be cmdal In establishing medical diagnosis, a lot of 
elfbit bas been devofed to the deveiopmant of stable susponsions of highly 
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mncentmted gas foufebtes whicit at the same tirne vvotd^ to pmpam 

and admmisferj vv'oiiSd c<>ftta|f5 a ft^intmurrs of Snactlv^ species and wsuld foe- 
capable of loog storage a iid sfmpis dlstribtitlon. 

The simples dlspes^lofi ©f frea gas feubtsles Ir? the sicitieotig medium 
S hcswever of |l«iited prgcfclcal Interest/ since these bufefoles are la general not 
stable enoMgi^i t© be usefyS as ultrasound contrast agents, 

Snterast has accord mgly been SEhGwrs lii methods; of stabilising ga 
for echdgmpfoy and other ylteasonlc istudi^s^ f&r ^xamplfe uaing eiriulsifJerS;^ oifes 
thickeners or sugars, or by esitrapplng or encapsulating tlie gas or a precursor 
ip tfiereof in a variety of systems. These stafolllKed gas isybbtas ar^. generaiiy 
referred to in the as^i; as '^rnlcrovesicle^;'', and m foe divided Ihto tvy© main 
categories, 

A first category of stabsifzed bubbSes or microvesicies Is gesieraily referred tp 
in the art as "'microbubbles" and includes aqueous suspensions in which the 

15 bubbles of oas are bounded at the gss/llciuiO irsterfsce by s very thin enveiope 
Invoivjng a surfactant (i.e. «n ampi-siphiiic materiai) disposed at the gas to liquid 
Intesface, A second category of microvesicies is genersliy referred to m the art 
£is "nilcroballoons'"' or "microcapsuies'' end includes suspenssons in which tlie 
bubbtes of gas are surroursded by a soHd material envelops forjried of naturai or 

20 synthetic poiy?3iiers;, Bxampies of rnlcrofoaiioons and of the preparatiors thereof 
am disclosed, for instahce^ ; In Eurdpean patent application Ef* 04S$74Si, Another 
kliid of (Jttrasoynd cohtrast a^eintt Inciades suspensions of porous mktropartides 
of ppiyfners or dther sdlldSf which caity gas bubfoiesj entrapped Withtn the ppres 
of the mlcropaftfcle^i present Ipyentlon Is partjculariy cancern«d with 

2^ contrast agents for dlagno^lc Imagmg mdudlng an aqueous suspension pf gm 
itslcf^bbubbl^, 'ue, nilcmveslelee which are stafolifeed essentfaily by a layer of 
am phrphlllc material - 

MIcrobabfoies susj>erts|pp$ ar«j typlcafiy prepared by cpntaeting powdered 
an)phiph!ilc maferlais, e.g, freeKe-dried prefprmed ilposomes Pr freeE^>-drled or 

30 spray-dried pbosphbltpd suspehsldPs^ w htr cr othar ga^ and then with 

aqueous carrier,, agitating to generate a microbtsbbfe suspenston which must 
then bs administered shortly after its prepapatlon* 

Examples of aqueous suspensjons of gas microbtibbles and preparatiob 
thereof can be found for instance In US 5,271,928^ US S,4#S,ai3, 
us S,413,774, US 5,556,610, 5, S97\ 549. US 5,827,504, 

W097/29783 discloses an alternative process for preparing gas 
microbubbles suspensions, conaprising generating a gas mlcrobubbls dispersion 
in an appropriate phospholipld-contasning aqueous medium and thereafter 
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sufojacting ttie dispei^sor> to lypphllisatron to yleia a dried reconstltutabte 
product. The so prepared dH^sd isrodtscts am feconstitutailsle in jSquepus media 
requiflinp ortly minsmsl sgltftldn. A:^ me«fep«d ?n said docitmefit, th« s|2;e of tliEe 
so generated mlcfobufobles Is cdnsMeRtiy mp?t>dadb3e ar?«l If? prs#i«ie is 
5 Independent fro df agftsition energy sppfled d«rlrtg ree^nstrtutloo,, 

M«g determined by the sl^e of tM mlcrotou&bles formed in the mtial 
rtilcFol3i^bi5le dispersion^ The Applicf iit has however observed tl^a 
agitation enerxiy applied for g^fHeFatiiii the gas micmbubbfe di^persi^n in the 
phospho^spsd-containing aqtseous medium may be excessively high, partleMisrly 

10 X'v'hen small diameter microbubbies are to bs obtained (e,<j. rprrs fpr 10 

minufces, for obtasning a dlsperslosi of bubbles f-saving a volume mean diameter 
of about 3 p-m). This high agitation energy may determine local overheating Irs 
the aqueous dispersion of mlcmbyhi>les, which may in turn cause degmdatlon 
of the phospholipids contained In the aqueous medium. In addition, the effects 

15 of an excessively high agitation energy are in general dlfVicult to control snd 
may result In an uncontmOable size distribuhon of the final microbubbles, 
l^urthermore,. this process invnives a corstirisjous flow of gas Into the aqueous 
medium during tl^e genemtion of microbubbles, i:bus reciuiripg ttse use of 
reievant amounts of siases. 

20 WO 94/01140 discloses 13 fuither preoess for preparing rnicroveslele 

SM^penslpns recoiR$tltutabSe in an aqueous medium^ which comprises lyophHlzSng 
aqueoijs ferhuisidnis cpritaintng parenteriaiiy acceptaisle emuisifiersr non polar 
liquidis and npid-solubiie or water-insoiuble "^structure-feuiyer^^^^ PMmnm^ri 
phospholipids ar0 merttsohe^ gts parenterally acceptable erriylsifleFs, while 

25 mi)<cture^ of these two sre empbyed in tile woricing exarhpies. eiiofest«^rol is the 
preferred water-ihsdlubls^tr^cttjre which employed In the working 

examples. The lyophilised product is then recorisfcityted m water^ to give 
aqueous suspensiiah of gas^fiiled rnlcroveslciesv The gas-fiEted mlcroveslcles 
resulting from the reconstltution step::^pe thus defined by an envelope of 

3:0 different niateriais. Including emtilsi hers such as polokamers and vyatsr- 
Insolulsle structure -bujlders such as cholesterol. 

The process is said to result into an ernuislon with particles'' slKe low^rthan 
4 pn5, prsfsrabiy lower than 2 pm, down to 0,5 prn. The Applicant iias l^owe^er 
noticed that while the recoristltutlon step may finally result in rnlcroveslcies 

35 having a numerical mean diameter of less than 2 pm, the corresponding size 
distribution of t!-)e microveslcies population is nevertheless relativeiy broad. In 
addition, the conversion step fmm the emulston microparticles^ obtained 
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according to th$ above pr0C:g»s:, int?3 gas mlcrofeubfelss mstilts to ratlier lovv 
yield, 

Tbe APP^I<5snt has novy foiir^d that a mych narrower disttlbutlon of 
mlcrob«bl>les size csn <>fc^S:silhed if ^ pho3pfi0pid U m main 
5 emyfelfler of the afoavs arnulsfon and If the above pmee^ is conductei^ in the 
sybstantia! abseiice of the abov^ water-insolubl^ strtjctu^^^ addi^tlesn, 
the sybstasitsaS s^bsenqe of saidVyvater-^insoluMs struetum^^ ailows to 

subsfcantfally incmase the conversion yi^idfmrn smulsiion micmpajtlcfe into gas 
0)lcrDbubbtss. The A|>pSic*^nt has further observed that the above process msy 
10 result 'm a fiirfcher narrower size di&trlbutlon of mliprobubdJes ^ftd: Is an mcrease^l 
yield sf the phospiiolipid essentlaily the only ef?ip!slftar present in the 
emulsion. 

The Appiicant has also found that by applying a rathar low agitation energy 
lo an aqueous-organic emulsion dunng the process as above specified., it is 
IS ptssssble to obtain micrpbubbies having a ygiy smaii diameter and rsouced size 
distribution. 

Summary of th^ Inveiif^ort 

An aspect of the present Invention relates to a rti'Sthod fpr preparifii^ a 
iyophiU^ed mWix which, uppii contact wftii an aqueous carrier Mquid and a gas, 
20 is recpnstitutafole Into a suspeiislon of gas-liiled mlcrobubt)fes 3tabtf|zed 
predominar?tiy by a phPsphoi|i)ld> said rn^hod^fe^ 

a) preparing an aqueous-organfc emuision compnslni3 I) an acfueous 
medium; ii) an organic solvent sulDStantlaiiy immiscible with v^fater; ilij an 
emuislfying composition of ampi^iphific mstenals comprising more than :SC%o by 

25 weight of a phospi^oiipid and iv) s lyoprotecting agent; 

b) lyophHIzIng said efnuisifjed mixture, to obtain a-lyophillaed matrix 
comprising said piiospholipid. 

Another aspect of thei present invenbon relates to a process for preparinp 
an injectable contrast; agent comprising a liquid aqueous suspension of gas-filled- 
30 pifembubbles Mabfiteed precJomlnsndy by a phosjshollpid, which comprises the 
steps of; 

a) prdijarmg ah ^i^deous-or^ganio emulsipn comprising f) an aqueotis 
medlM«\ i) so organic solvent substantia with w^ter; Hi) m 
emulsifyihp compdsitidn of i9m|>hiphiliC rsisaterlals comprising mpre than 50% by 

35 weight of a phospholipid end Iv) a lyoprotecting agentj 

b) lyophlliiing said emuision, to obtalR a iyophli&^d n->atri3C oompdsing said 
phospholipid. 
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cj contacting ssld lyopNliteed matrix with a MocompatlMe gas,- 
d) reconsiEftwtiftg said lyephlll^^ matnic by dlssoivlng It into a 
physNQgicsilly s«;<:eptal>le aqysous earriep liquid, tQ obtain a suspension of gas- 

5 Preferably, pe ^sp^) of pmp^adns the esriuypn <;omp?-!S6s; 

ai) i^reparing s suspension by dispersing tile emulisifying c;oniipdslti<5h csf 
amphlphsltG j^atenafe md the ly:o|>mt§ctiye agenf; |rj the sqysous mediynij 
a2) admixing i:he obtained suspension with tho organic: soiveiit; 
a3) submitting tii^ mlj<tisre to contfoMad agit«f$lpnr to obtain sn em»felpn, 
ip i-^referabfy, tlw controlled agltatipn aoeorcling to step a3} Is obtasned by 

using a high pressure honip§|eni^4r Oi^ more prafsrabiy a rotor'Stator 

A further aspect of the invention relates ta ars Injectable contrsst agent 
comprising a suspension of gas-flHed micmbubbles stabilized by a stabilizing 
15 layer predomlnantJy comprislrKj a phospholipid In an aqueous carrier Jlquld, 

wherein said mlcrobubbles have a number mean diameter (0^) of [ess than i,70 
pm and a volume median diameter (Dygg) such that the Dvs«/Pi« f"atio Is of about 
^>09 or \&w&r< 

©©tailed elescriptlE^rt of the mventlont 

26 As mentioned above an aspact of the prasent invention mlatss to a method 

for preparing a fyophllized matrix of a reponstltutable suspension of sas-fliled 
micr-obubbies predominantly stabilised by a phospholipid . said method; 
comprising the preparation of an aqueous-organic emulsion comprising 1) an 
ac|ueous medium, il) on organic solvent substantislSy immiscible with water; til) 

25 a phospholipid and Iv) a iyoprotecting agent, and the subssci^ent lyophllising of 
said emulsion. 

Th« aqueous medium Is preferably a physioiogically acceptable carrier. The 
term "'physlolbglcally ^aGOptabl^'' mclydes to any compound, material or 
formulation which cap be admihistered^ in a selected amount, to a patient 

50 Without negatively aff'feotlng or sul?stant|al!y rhodlfying its organism's healthy or 
nprrrial functioning (e.g. wiMsout datefTnlrtIng any ^status of ynacceptablO 
toxicity, causing any extreme or uhcohtroltaM<s allergenic nesponse or 
determining ©n^ aibnormal pathological conditlon^^o 

Suitable aqyepys liQ«ld carriers are water^ typiO&ily sterlte^ pyrogesn fre<e 

S5 wat^r (to prevent as much as possible go ntamination in the intermodlat© 
lypphillzed product)^ aqueous solutions such as saUne (which may 
adyaritsgeously fee balanced so that the final prad«ct fer lrv|e«:tlofj Is nof; 



hypotonic), or aqmom solutmm of one or mam tonicity adjusting sylsstatices 
isuch as saits or sugars, su^ar alGoholiSf gJyc<>ls or Qth^f non-isnic polyol 
mateHais (e9> glucossj suemsie, sorfeitcslj ?iianrs'stol, gl^j^eerol, pofyethvi^ft^ 
glycdls^ prdpylette giycdis attd^ £^ like). 

As used herein the term ^substantially Immiscible with water" referred to 
the organsG solvent means that, when said solvent Is admixed with water, two 
separate phases are formed. Water immjsdble solvent are gen-sralfy also knovs'n 
In the art as apolar or nott~|3olar soiventsy as opposed to polar solvsants {such as 

10 water), Water Itrsmlsdbfie solv^n^ are in gerisral siubstantlally |ns^^^^ In water. 
For th« purposes of tbe present Irsvenbon, organic spfv^nts siultable for b&mg 
emulsified with th«i as^dfeoifs solvent typfcaUy those solvehts having « 
solubility In wpter of Isss than abopt 10 g/h pr#^rab!y, £b® sbluijiifty of said 
solvent In water Is of about 1,0 g/i or lowerif tni>m prefera&iy aboiit 0.2: g/l or 

IS lG?i¥er and much rnspre preferably about QrOl g/l or lovver. I^artiscularly preferred 
solvefii^ are those having a solyblllty In vs?etar pf 0,001 g/f dr IdVyen Farbcyilarly 
ir^i^lutjl^ organic s«)lvents (e.g. perffuproearijong) may have a ■solublilty s^own to 
abcfut i,Q«lO*g/| (e,g perfiuorodctane^ I.S6'iO'^ gi^i). 

Tbe organic solvent !^ prefarabiy fyophillsabiaj i.e. said soivefst has a 
20 suttfclently hs^h va^^oyr pressors at the iyp^hllisiatidn tettiperatureSf e.g. 
featween ~30*C and O^'Q to allow fbr an effective and complete 
eva|3dratl<sn/^ubl|rncftidn^ w^ e,g, 24-48 hours- Preferably, 

the vapour pr^sure of the organic soNsfjt ss higher than abowt 0.2 kPa at 25"C 

Tha organic solvent can be selected from a broad range of sijlvents anti any 
25 chemical entity that is wetesr-lmmiplbjes^^a as Indioated above, 

and being preferably fiquld at room temperature C2S*C). If a solvent having a 
boiling; point iowar than room temperatMre is used^ the vessel eohtalning the 
emulsifying mixtMrs can advantagaousfy be cooled below the boiling poirst of 
saiil solvent, e.g* down to S^'C orO^C As said solvent iwlif tje complMely 
M rafh^v^ during the iycfphlil^ation step, no particular constraints exist except 
tbat It shotiid not contain contaminants that eanhdfc be rdmoved through 
lyophHIsatlpn Oi" that ^re rsot acceptable for use in an injectable cpfnposltlQn, 

Stsitaistie dr^ahlc sbiyents include but are not limited to alkanes, such as 
branched or, preferabiy, linear (Q-Cjs) aikanes, pehtane, hexane, beptane, 
35 octahe^r i^bhane, idecane; aikenes, sdch as CCs-Qs) alfeenes, a,g. i-pentene, 2- 
pentene> 1-octenej cyclo-alkanes, such as CerQ5)"CyclGalkanes optionally 



subMituted XAfith ons two methy! gpoups, e.g. cycSoi^entaFje, cycloh&Kattej. 
cy<:lo0ctans, l-metliyhcyciohexafi©; amrnatie Nydmcarbc^fil, siich as ^fenseo© 
and beoK^ne darlyatlves subst^tuEed by one Qr two methyf or «thy? groups, «ig> 
benzen©, tolu^jpe, efcHy I benzene, a^a-dlmethylbeftzeriie,- 1^3-^#fm^.tliylts^n3sene? 
s alkyi ethers and keitssDess such # <| I -butyi ether and ds-feapmpylfceton©; 

haiogenated hydmGarbonjs csr etheraij such as chloroforim^ carbon tetms^forfd^i, 

(dlfkjorometfeoxy|-l4/i-'tJ'5f^M»?*^^ (isollursee);^ tetraehlssm-i,!- 
dl§uom^th^n% i^fsd p^jrticulaHy perfiuoflnafed hy«Sroc:^rboi'?s pr ethers, such as 
10 perf iuoropentane,, perfltiorohexane^ perfiyomhe 

perfluoromethylcyclohexane, p-ssrfiudrooctar-se, perfluorononane, 
perfluoroberaene isnd perfiiiorodecaSiny snethySperfiuorobytyteth^irj 
methyipestluoroisobutylether, ei;hy1pert1uorobiEt>'1etlver^ 
ethyiperfUiorQ|sabuty|ether; and mixtures themof^ 

IS The amoupt of solvent % ger^emWy comprised fmrn about 1% to about SCj% 

.by volume with respeGt to the amouht of water used for the fmulsiPn< 
Preferably sasd amounl ss from aS^out 1% to about 20%, more 
about a% to about 15% and even more prePers5ly from sbout S% to about 
:10%. If desired, s mixture of two or more of the above Slsfced organic sofvents: 

'■'0 can ba used, ths overail arrjour^t of .orgssojc solvent h% tte emulsifying mixture 
bfelng vvsthin th:e alcove range.^ 

Lyopsp'tectl ve ap ent 

TbB term lydprdtecltlye agent or "lyoprot^idBnt* refers to a popipound which, 
when included In a formutetSpn to b« lyophMlzed, wli! protecfc thss cflepltesl 

25 comj3pun# f Fom the defetenous effects of freesslng and vacuum:iz|ng, such as 
tJ'jose ujsualty accompanying lyophliizatsonj e.g, damage, adsorption -snd foss 
fiXim vacuum utHszed in iyophslizatlon. In addstisspv after the lyophllfesdon st^p^ 
said iyoprotectsve agsmt prafisrably resalts in a splid matrix rbtjlk") which 
s5ipporfcs the lyophslaed phospholipid, 

30 The prsserit invention is not limited to the uss of a specific fyoproteclantf. 

and exsmpies of suitabia lyoprotectants inclnde, biit are nnt limited to, 
carbohydrates such as the sacchv^rides, mono-,, dl- or poly -saccharides;, e.g. 
glucose, galactose, fructose, sucrose, treitslose, maltose, lactose, amylose, 
amytopectin, oycjodexfcrsns, dextrin, inuiine, soluble starch, hydroxyethyi starch 

3S CHES), sugar aicohols ^,g. mannlt»i, sor%m snd polygiycols such as 

polyethy^eneglyddls, A substantial list of agents with iyoprotectSve ef is 
given In Aeta Pharm. TechnoL 34(3), PP> i29»13§ (1988), the content of which 



Is incorporated hemin fey reference, SaltJ lyoprotectiV® can be used 

sSngaisfiy or as mixturfes of ^fpe or mom compounds. 

Pmferred iyopmtecfcQpts mcipdiS rirsaRnltol and polys^Gcl^ari^^es such as 
dsxtrans (In jjartlcyiar thd^a wtth mojecular weights afeove iSOO d;i!t^^^ InuKn^ 
5 soiuU^ starcNf and hydroxysthyi st^rchv 

Hs3<tures of mannlt'Oi or polysacfeMndes such as dfextrans, inisllnf sslubie 
starch, b\fdfo>;;y%t;hyi st^arcb with saGchaddes such as giuqos^y rssftose, lactose, 
suc:fQse> tr^haidse and erythritdl also pmvlde exc^^N^nt resiilts, 

Ukevvtee, the prsisant lnyenitior; Is not Sifnited to any pafiriajisr am«junt of 
IS iyoprofcectant used- However the optima! ■^'eight concentration of lyoprdt^^^ 
agents in tiis; smuisson prior to the lyopNilsation is comprised bstween afea^ 
and about 25 %, preferably bstween about 2 and about 20 %^ aftd ev^n more 
preferabiy between about S and about 10 %<. 

A higher amourjt can be employed If it Is also necessary to provide a dsjsired 
15 "■'bulk" to the (yophlHzed product. 

The lyoprotecUve agent is preferably added to the; aqueous-organic 
mixture before emulsification of the same and In this esse the emulsificatlan of 
the aqueous-organic mixture is thus carried out in the presence of the 
!ydpmte;ctlv& agantSv j^ltarnetively^ the iypprotectant can be added to the 
20 ^qtseous-organic mf xty re ai^er the em ulsjifi cation thereof . In the f1 rst ca s^s, t he 
lyoprotectant Is preferably add^d to tJ?^ aqueoUs niesdfumv feefdre admixing it 
with the organic solvent. If desired. It fs also possible to coniblne the twp^ e,g. 
by addmg part of the lyoprotectiVe argent to ths assideisifs ph^se used for the 
praparMipn of the emulsidn and part to itbe thissf obtabed ernulsbn. If desSred, 
25 also cryoprofcecfclye: agentSjr such as glycerol^ can further fee added td the 

^mulsioh for prdtesoting the chemical compounds from the deieterious effects of 
freezing, 

£hs^§l>llQiMd.s 

According to the present description and claims, the term phospholipid is 
30 Intended to encompssf sny amphlphsllc phospholipidic compound the molecubs 
of vvhidh am capable df forming a film of mateffdi (typically In the fprjin df a 
mond~r^olecular layeiiv) at the g^s-^water boun^^^^ Interface in the firial 
mscrobu-bbles suspension. Accordingly, these material are also referred to in the 
art as ''fllm-fofn-^lng phpsphoMplds'r. similarly, in the ernulslfled mixture, these 
35 amphiphlllo compounds are typically disposed at the Inferfacis between tNa 

a«^ueous medldm and tlie organic solvent substantjally Insoluble lb water> thus 
stabllfeing the emulsWed solvent mlerodroplefe. The film ibrmed hy these 



compound? at the gas-wafer or vvater-solvent Interface cs« foe either contjm^us 
or dlseorstinisous. In the latfeer case^ th^ disicdrtfcloditles In the IHm sb^u|«l not 
Ii0wever foe stjch as to impair t|ie stability Cs^g, pressure resistance, reilstance 
to coa lescence^ etc.} of the msp^nUM micmbuhUms or of the «mo!silii^cS 
5 mlcrodropiets, respectively. 

The term -'amphlpHlHc cornpQ«nd"as used hemrn incilsiiles conipeisnd^ 
h^^vfng a itidliecMie ^sMsth a hy<|mi>hiiic polar head portion s polar or lorjic 
group), capable of Interaetinp with an -aqueous Riedrym> ah^ a hydrophohic 
organic tail portton (e<g. a nydrdc^rbori ch^ta), s^patele of frttemctlng wfe e.g, 

10 an of-ganic solvent. These o^mpounds thus geftemlly act: as **stjErface active 
as«nt^ he. compounds which are capable of s^bliszSng mixtures of otherwise 
generally immiscible materials, sucii as mixtures of two Immiscible liquids (e.g^ 
water and oil), mixtures of liquids with ^ases (e.g, gas n-ucrobubbles in water) 
or mixtures of liquids with insoluble particles (e.g. metal nanoparticles In.- water), 

1:5 Amphlphfilc phospholipid compouods typically contain at least ons 

phosphate group and at least one, preferably two, iipOphlilc long -chsln 
hydrocarbon group, 

E><;amples of sttltable phospholipids IrKiude esters of giycerol with one or 
prefembiy two (e^iua! or d!ff?gmnt) resfdues of f^tty acids a»d wifcii phosptioric 

20 ^cMi wherein the phosphoric acid residue is In turn hoiund ts? a hyclrophlllc 

groups such as c^jollne Cphosph?jtfdyichoilnM - PC), sende (pbosphatldyfserines - 
?S), glycerdi (phdsphatldylglycamS^ -• P<3), ethapplamlne 
{pho^phatsdylethanolamines " Inosltdl (phosphatidyllhosrtdf)^ ahd the like 
Sroups. uteris of phpsphojiplds with only one residue of fatty acid are gerjemily 

25 referred to in the art as the '"lyso" forms of the phospholipid. Fatty acids 

ressdueis preseht the pho^pf^ollplds are; M geheral long chain aliphatic adds^ 
t^i^picallV coptaihing from 12 to a4 carbon atoms^ preferably frorn 14 to 22? the 
alipNatJc ch^lri rnay mntafn one or more uhsaturaiEidhs or Is preferabiy 
compieteiy saturated, gxamples of sultabie fatty acids iftduded in the 

^0 phospholipids are, far Instance, iaurtc add, myrlstic acid, palmitic acld^ stearic 
add, arachidic add, behenic add, olesc add, linoielc add, and Isnolenlc add. 
Preferably, saturated iBtty acids such as myhstic acid, p^slmltic add,^ stearic acid 
and aracbldk- .acid are employed. 

Further -examples of phospholipid am phosphatldlc acids, i>e> the diesters of 

55 glycerol -phospboriG add with fetty addsj sphlngoflplds such as sphingomyelins, 
La> those phosphatsdyfchoime analogs where the residue of glycerol diester with 
fatty acids Is replaced by a cerap?|de chain; mrdiolspins, l,e. the esters of 1,3- 
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dlphosphatfdylgiyceml vvith a fatty add; gSycoifplds sucfe as gsngllssldes (SMI Cor 

As used f}&r&'m, the ternrs phosphqiipjds Indude either oalyraliy eca^rrlng^ 
ssmisyothetlc or syRthet&aliy prepared tHat can be ^mpldyed either 

5 sEOf ylarly or as mixtures. 

Exampies of naturaity occurrlrsg: phd^pfipSlpJds ars i->atura! i^^tHsns 
CphosphatldylcNQline tpC) derSvatlye^) swch as^ typJcaSly, soya bean or egg yolk 

Examples of sef??lsynthstte pfeosphotjpSd§ Bm the parfcl^Oy or fully 
K) hydrogenated derivatives of ths naturally occurrlrisg iedthfns;, Pref^rrs^l 
phosphoHplds are fatty adds dhestsm of phosphatsdylchollne, 
ethylphosphatJdylchoHna, phosphatSdyigiyceroi,. phosphattdic acid, 
phosp hatldyietha nof a mi ne, phosp hats dy iserl ne or of sph i ngo myel s n . 
Examples of prefers-wd pSiosphollpids are, for instance, disauroyh 
15 phosphatidylcholine (DLPC), dImyrtstoyhphosphatidylchoHna (DHPC). 

dspairnitoyi-phosphatldylchofsne (DPPC), diarachldOYhphosphatsdylchoiine 
(PAPC), disfaaroy I -phosphatidylcholine (tJSPC), dioleoyi -phosphatidylcholine 
(DOpe), 1,2 Dfst8aroyl-sp-9lycsro"3 ■ Efchylphosphochollne (Ethyi ■ DSPC),. 
dl|?sntad&ca:ppy|--phosphatidYlcholine (DPDPC), l-myr^Stoyf-2-pai?Tlftoy^■ 
S6 phdsphatidyScholms (MPPCJ, l-palmit<^y?-2- mynstpyi-phosphatldylcholfe^ 
(PHPC), i"palni|ia3yl-^2-st«aroyl~phos|;^hatldyl^^^ (PSPC), I-stearoyl-S- 
palm}toyhpl^osi3hati^diy!#oll i^PPQ^ }, l-j5a!m?tQyl-2-pSey!ph©spHati^ 
(PQpt), l-otey*~2^pa|mi£Dy!»phdsphat!dylchoHo® (0PPC)# dtfeurpyl- 
phosphatidylglyc^ml (PLPG) ancl lts alkali m^m{ saltiSf dlarachMoylphosphaM%l- 
25 giys«rol (pAf'GI and its aikaSf metal safts> dlmyrlstoylphosphatyylglycefpf 

{DMP<a) and Its; aSk^ll met^i salts, dipaJmit:dylphosphat1(Jyj§lycerol^ its 
alkali mel^r salts^disteafpylphfi^ishat^^^ (DSPS) and its alkali metal 

saits^ dloleoyj-pho^phatldyS^iyc^roi (PdP(3) and 1^ a! kali m^tal salts, silmyrfstssy! 
phosphatidfc acid (DHPA): and Its aikali- metal salts, dip^lmltoyl phospltatidtc^^^a 
3G (DPPA) and Its alkali ms^al salts^ disteamy! phpsphatSdsc ad^ (psm^^ 

dlamchidoylphosphaOdic acsd (DAPA) and Its alkali metal salts, dlmynstoyi- 
phosphatldylethanolamina (DHPE), dlpalmltoylphosphatidylethanolamlne 
(DPPE),, dlstearoyl phosphatidyl-etharsolaTrijne (DSPI;:)., dioleylphosphatsdyh 
ethanolamine (DOPE), diarachldoylphosphatfdylsthano^amme (DAPE), 
35 dlllnoteylphosphatldylethandiamfne (DlPE), dimyristoyi phosphatfctylserlne 

(DHPS), diarachldoyi phosphatldylserme (DAf>S), dipalmltoyi phosphatfdylserme 
(DFPSl, dsstearoylphosphatSdylserine (DSPS)^ dioteoylphosphatldylserina 
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(OOPS) I d i palm stoy I sphlngdTnv'e^! n (DFSP), and dfstsansyisphi ngo myel i n 

ThiS tmm phosphHUpid further mcfudes iiiodlil^y phosphoHpId!, e»§> 
pliosph«^|l|>iids where the hydroph^llc groyp is in turn bowrid to arscstlier 
5 hyslrophiHc group. Examples of modified phpsphoispleSs are? 

|3ho^ph«stldv'!=ethan0iamines modlNd with polye|hytens!yc<2'l (PEG), te, 
phosphafcldyletharioiamiilesi whem the hydmphsilc etNaholamine moiety Is llrj keel 
tp a PECS rnolfecule of mmU^ mpiecuiBr wetght e^g. from 300 to SQOQ diaitens, 
such as DPiPE-^PEG or DSPE-PEG, l.s. DRpe (pr DSPS) having a PEG p&iymer 

I i) mn0iM thef etOx ¥Qt exsiT? DP^E-pE<52OO0 resfers; to DP|5*$ having ^ttBfihed 
thereto a PEG polymer hax^lng a me?sn average moiscsiter 
As expisinsd In detail m the fbSiowing, these PEG-modlflsd ph<jsp|^0Hplds are 
prefembly used in combination with non-modlfled phosphoispfds. 

Both nesitra! and charged phosphoNpfds can satisfactorily be «^mptoyed m 

15 thS: process of the present snventlor?, as well as mixtures Ihereofv As used herein 
and In the prior art, the term ''\:harged" In relation with ''phosphoHpids" means 
that the individual phospholipid moiecute hsve an overall net charge; be It 
positive or, more frequer^tiy, negative. 

Exampies of prsosphoitpids bearing an overall negative charge are 

20 derivatives, in particular fatty acid di-esters,. of phosphsfldylseri ne, such as 
Di^FS; DPPS, DSPS; of phosph^tldlc acid, such as DMPA, DPPA, DSPA; pf 
phosphatldylglyceroS such as DMPG^, DPPG and DSPG. Also modfffed 
phosphoMpSdSy In |5art;Steuler PE(3-rnodlfied phosphatldyfethano!^ such as 

DMPE-PE67Si3, dMPEi»PS<31000, DHPE-PE©200q, DMP£~PEG3i3QOy DMP'E- 

25 P6Q4000, DHP^~PHS$080^ BPPE-PmfBQ, pPPe-PBSiOdO, 0PPE'PgGSO0O, 
DPPE"f>;SG3d0G> t>i>PE~peG400Q, PPPE'-PE<S5:0d0, DSPEtI^E:G?50, DSPE- 

PEcsisoo^DSPerPEisaoopf DSPE~pgG3ooo, QSPE-PEmmq, t>sPB- 

PE<S5000,DAPE-Pi<3750, DAPE-FBiSiOOQ, PAPErPEG2000, PAPE^PE63©O0, 
DAPB-I^EG400S or OAPE- PEGSCJO0 caih p4 used as heg a ti veiy cha rged molecufe^, 

3^) Also the iy$0~ form of the above cited phosphQliplds# such as 

fyspphosphatldylsdrine aerivatlves Ce.g. lysp-PiVIPSj, -DPPS or -DSPS), 
fyspphDsphatidIc acid derivatives {e.g. !ysQ*.t?HPA, -DPPA or -DSFA) ar^d 
lysophosphatidylglycerol derivatives (e.g. lyso«DNP<S, "pPPG or --DSP<S)^ pan 
advantageously be used as negatively charged compound, 

3.5' Examples of phospholipids bearing m overall positive charge are 

derivatives of 6t1"sylphosphatsdyicholme> In particular esters of 
ethylphosphatldyfchoilne with fetty adds, such as lf2~Djstearoyl~sn-glycero-3- 
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Ethylphospftochoilne (etliyl-DPPC or DPEFC), 

Pref&mWy, b\m4s of or mom phosphoiiplslSj at l«sst oiie with a 
neutral charge and at least vvlfch an ovemli net charge^ am empipyed. Wpm 
5 prefefQbly, bfer^cls ot tYmw more phosphoMpMs^ at least on*^ lisutrsl and at 
feast one vyitli negative charge are ernplqyed, Tlie amount of char;g«n^ 
phoispholipid, Fiiay var-y fram ?sf>out f S¥« to about S^o by weighty vvith respect to 
fHe tofeal amount of phospholipid, preferably from $0% to iOfo by v^eight, Tlie 
presence of at least minor amounts^ auci^ as 5% to ;2:0: % .fey w wJth respect to 

l# the total weight of phospholipid^ of a (niegatlveiy) fsha^ed ph^phofipjl^^ 

heip prev6ntlns3 sggregstloil of bubbtes or emulsion droplets. It is however 
possible to use a single phosphoOpid, neutral or charged, or a h!«ft.d #two or 
more phosphollpsds, all neutral or ail with an overall net charge. 

Profermd phospholipids are DAPC, DPPj^,, DSPA, PIMPS, DPPS, DSPS, 

IS DPPE, DSPE, DSPG^ DPPG and gthy|-DSPC, Most pmfmred &rn ^mA,mPS or 
OS PS. 

Preferred mixtures of phospholipids arsa mixtures of DPPS> with PPPC, 
PSPC or aAPG (from 95/5 to S/95 w/w)^ mixtures of DSPA with DSPC or DAFC 
iftom miS to w/w) , rnisctur^s or DSPG or DPPG with DSPC or mixtures of 

30 DSFC With Ethyl-DSPC, Mosit pref<erred ara mixturas of DPPS/DSPC (from SO/50 
to io/90 w/w| or DSPA/DSPC (from SO/SO to 20/80 w/V^), 

The amoiirtt of phosphdllpid is g^narjsfiy o^rnprised betv^esn afeoyt 0.005 
and ab©Mt 1,0^ by weight respect to tM tdtai Weight of the i^mulsjflied 
mikturev Mrger amount^ might of qouise ba employed but considering that the 

2S end prpduct Is an Injeetafoie contrast agents It Is prafarred hot td exoess of 
additives isnSaj^^ strlttiy neoasi^ary to pmm^ for a stable and suitable prcJducL 
In generat, by using an amoynt of phosphoflpld larger than tfeat Indicatfesd as the 
upper llrhit of thfe abpv^: range* essentia no or a very nesUgrbie Improyement 
Is observed In terms of hufohfe: population^ byfefoie size bubfete 

30 stablHty;, Typically,- higher arnpMnt^i of l^libsphofipid are reaulred when higher 
volumes of organic solvent are used, Thus^ whan the voliirhe of oii^ahlo solvent 
amoiirsts to about .50% the volume of the- Water phsse;, an ap-iount of afappt i:% 
w/w of phospholipid can advantageoosly b© adtled to the amulslon. Preferably 
the amount of phospholipid is comprised between O.Oi and 1.0% by weight witli. 

3S respect to the total wolght of the emuislfiad rnixtum and merB prefarebly 
between about 0,05% and 0.5% by weight. 

As merstioned before, the mlcrobubbies produced according to the 
process of the invention are stabilized predomlnently by a phospholipid, as 



0m& fief\n&4. In psftlcular, the s^velope surroundlni the gas fUted 
mlefobabbtes Is fomiad |>y mom tft^si S0% {vv/w|, |>Pef©r'^&jy by at feast 80%;. 
and rnm^ mors preferably % at least 9C|% of a pl^pspholipld mati®?tai as sfeove 
desfined. Gdnvenfently^ the isobstantis! totaiity of th^ st^ijHlzrttg ej)V%!op^, of the 
5 mfcrofcubbles Is forjiled^b^^ phosphsojlpld* 

Other ampHlphlllc materSafs can how6v<sr Ije ;^dnnil?<ed with tlVe Isho^phoilplds 
formlhg this stabHMof snyeJope of the §as-f?ljac3 mlsrofeufobles^ Jn amoun^;s ©f 
less than S0% of thas total vi^elght of the emulsffySng eompos^!^^^^^ 

Examples of suitable additional anveiope-stal^ijislnt ampblphllk materials 

IG Induds, for snstarsce, lysoilplds^ fatty adds, such as palmstic add, staaric ad^S, 
laurSc add, myrlstic acid, amchldic add, arachldonlc aspid, behenic add, oieic 
acidc llnofeic add or Hnolenic add, and thesr rsspactlv^ salts with alkafi or arkaft 
metais; lipids be^^ring polymers, sudl as chitsn, hyBfuronic add, 
poiyvsnylpyrroNdone or polyethylene glycol (PEG), also referred as '^egylafced 

IS: lipids*; lipids bearing sulfonated mono- dh, ol»90~ or polysacchsridesj lipids with 
elher or ester-linked fatty acids; polymerized lipids; diacetyl phosphate; dicetyl 
phosphate; stearylamlnej ceramidas; polyoxyethyfene fatty add estsrs (such as 
pqlyoxysthyiane l^tty add staaratas); polyoxyethylene fatty alcohoSs; 
polyoxyethyiene fatty «!!cbbol ethem^ polyoxyethylated sorbitars fatty acid 

^0 e:g|ersr glycerol polyethylene gly^x>l ridnpteatia; ethoKylcited soybean starols; 
etbsxyiabeid castor oil; ethylene oxide (gO) and propylene oxide (FO) block 
copolymei^si stterorostef^ of sugsr acids Induding cholesfcsFol glucs^ranides, 
lanosfeerol glucoronldes, 7'dehydrochb!esterbl glucoronlde, ergosfter<>| 
g!u«:oron|de> clioiifestetrol gfuconata, ianostesrol gluconate/ or ergosterol 

p glucorsate; esters of sugar acids and ako hols Including lauryl glucorOTild^^ 
sl^earoyl glucordnide, myrlistoyi glyeprohidei- fa«ryi giucx>h^tej myristoyi 
glucdnatfe, or stearoYi Sluconats; esters of sugars with allpliatic adds InGludrng 
sucrose laurate^ fructose laurate,^ s«<;rose patmltata^ sucrose stearate^ 
glycuronic acid, gluconic add or polyuronic add; estars of glycerol with (pxr 

30 Q^), preferabiy (Cj^-Cks) dic^rboxylfc lal±y adds^ri^i their resipiactlye safts with 
alkali or alkalhmetal salts, such as l,2-dlpalmitoyl-sn-3-succiny!glyc8roi^^ 
dipafmltoy1-2-sycd_nylglYcerol; saponins Indodsng sarsasspogehin^ smslagenin; 
hsderagenin, oieanollc add, or dlgitoxigenln; long diain (Ct:rC24) alcohols, 
Indudmg n-decyl alcohol, iauryl alcohol, ?>iynstyl sicohoi, cetyl alcohol, or n- 

35 actadecyl slcohoi; 6~(S"Chofasteri-38-yioxy)-l-thlo- p -D-galactopyranoslde; 
digalactosyldlglycerids; 6-.(5~chote$ten»3 g -y!53xy}hexyl~6~amlno-S-deoxy~l- 
thlo- p -O-gaiaetopyranoslda; 6-(S>-cholesten-3 P -yloxy}hexyl>-S~amlno-6- 
deoxyl- i~thsp- ^ ~D-mannopyranoslde; ia-(C{?'~diethyl®mfnocoumarsn~3- 
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dlof^yl phosphatf dylsetha oolanisoe; 1> hsxadecy 1-2- pal mitoyfgiycem- 
jphosphtjetliaflolarjliifse^ palmitoyiBomocy^tiein^j aiHy|amr5"}0{iium salts comprf§l« 
g at feast one (pirCgsIf pmfferatoiy (Ci4-&xid, aikyf chafo, sadi as, for ifMtaoee, 

4lmethyldfodfcadecylamniors sum bromide (dDAB), hexadecyltrtmetfl>1ammdnltini 
femmlde (CTftB); t&ttSai^ or quatfesmafy ammonly on« w 

pmfBmbW two (Ctr Pao)^ preferably (Ci4"Ci«):, scyl ester msidusj as, for 

10 instance, i,2-dlstoaroyf»3-trlm^t3iyiamm0niu%propa^n^ l^a- 
cypalrnstoyf-vSrtrlmsthylarnmonjurrs-propaRs (&PtAF^)> i,2-Qteoyl-3- 
trlm^thyfammonlum-propane (DOTAP), l,a-^distearoyl~3-dimetSiy 
propane (DSDAP); and mixtures or combSnalions thersof. 

Small arrsounts of fatty acids and lyso forms of the phospholipids may also 

15 form as degradation products of the original pbo$pholipd produoSs, e.g. as a 
consaqueoco of heatfog the srnulsion, 

Preferred additional envelope-StabHbmg amphiphille materials are thos^ 
cpRipounds comprising one or two fatty acid residues in their molecule,, iri 
.particular one or two Hpear (Cj)rCse)-acyi, preferably (CK~Cx8)-acyl chains, sydh 

30 for Instance, tfee above Ustsd fatty aGids, th&it regpectiva salts and 

dgriyatlveSi 

farticulariy preferred addltionai ersvslope^^ amphlphsllc materials 

are; those cdmpouncls capable of conl^rHng ah ov'drali net charga to the 
stablfizlns eilyelope, i,e» compounds bearing an overail positive or oegatlve dat 

is chargai ExanipJes of suitable negativefy of pdsitively charged cbmpoijinds are^ 
for ihitahce, {yso-phospbolipids, l«a. the iysc- form of the above cited 
phosptellpids, sucb as lysophospHatidybedn^ danvatiyes (e.g. lysO'DMPS^ » 
PPFS dr -^DSPS), lysopbbspb^tldlc: add derJvatlyes (e.g, lyso-pMPA, ^DpPA or ^ 
DSFAJ and lysophospbattdylglycerbl da^^^ (a.g. iysorDMPG, -DPPS 6r - 

30 DSPG); bl!e acid salts siwch as chpilq a<;ld salts, deoxychollc add salts or 

glycochoiic acid sslts; (Cir-C^^f ppeferafoly (Cm-'Cs:?) fatty add salts atsch as, for" 
instance, palmitic acid sait, stearic acsd salt, l,2-dlpaimitoyi-sn~3" 
succinviglycerol. salt or 1 ,3-dipalmltoyl-2"Sua~{nylgiyceroi salt; alkylammonium 
salts with a halogen coontsr ion (&.g, chlorine or bromine) comprisfng mt least: 

35 one (Cio-Cso) afkyf chain, preferably (C^-C}.^) alkyl chain, such as, for Instance 
stesryiammonsum chloride, hexadecylammonlum chloride, 
dlmethyidioctadecyiammonlum brornide (DDAB), hexadecyltrimethylammonlusn 
bromide (CTAi3)f tertiary or quateroary ammonium salts with a halogen countsr 
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\m (e,g. chlorine or bmmsne) comprsslsig one preferal?!^? two (Cjp~Cao) acyl 
€$ml% prefembly (Cx^C^^ myl ester mmue, swchi as, fer instance, 1,2- 

triitsethylammonlum-pmpsne^ ( 

If it is d^sifed to obtain ''tgkrgeted^^ ultmsQund contrB^t ageitts, Lo, 
contrsst agents contssRin^ fttiCitibobfelgis that cobW sgsje^^ fefnd to a specific 
site after In vitro or m mm administration^ according to the process of :tSi« 
present Invention It Is also possible to start directly from a phosphol||ji^ at feast: 
part of which has been modified by ih& introduction of a suitably selected 
targeting llgand or alternatsveiy, and prefes^My, siartlng from phospholipid at 
least part of which contain a possibly protected reactive group capable of tsolng 
coupled at a later stage with the suitably selected tsrgetiiag ligaod contalnlrsg a 
cornploiTssntary reactive function (e.g. svldln-bfotin .link). 

Tti^refore, In this specific context, the term ^phosphoflpfd" Is Intended to 
enssompass ;bot:h modified and unmodified phospholipids, thus Including 
phpspholipid^ modified by jinking a targeting llgand or a protective reactive 
grpMp to the arnphtphillc mofecui« of the phosphollpiil, 

Thf tepm "targeting llgand" Incli^des wltiiln Its meaning any copipdund^ 
moiety or resldsie hawing^ or belr^g caps&le td promote^ a targeting activity of 
the mlcrOffeybbles of iM& myentSon towards any blologlcsii of pathojoglGSl site 
within a living Ijody* Materials of substances; which rneiy sewe as targeting 
llgahds Idclado, for -example^ biit are not limited to proteins, hicldtllng 
antibodies, antldody fragmen;tSjf receptor rrip|equl^$^ i-eceptor binding molecotes, 
glycoproteins and leetln^; peptides, Induding oligopeptides and polypeptides* 
peptldomlmetlcsi saceharyes, Irsdiuding mono ^nd #iyi?aoch?srldes; yitamlos; 
steroids, steroid analogs, horrr^oi^ss, eol^actors, bloacfelye aQentis and genetic; 
materlai, including nudeQsM&s^ nudeptfd^ and polyfiDcleotid^, Targets to 
which tergedng ligsnd may be asiijclated Include tissues sisch as, fbr Mstanee, 
myocardial tissue (Including myocardial cells and cardlomyocltes), membranous 
tissues (including endothelium and epithelium), laminae, connective tissue 
(including Interstitial tissue) or tumors? blood clots; and receptors such as, for 
Instance, cell-surfsce receptors for peptide hormones, nein'otrensmitters, 
antigens, complernent fragments, end Imnuinoglobuiing as-id cytoplasmic 
receptors for steroid hormones. 

Examples of sustaisie targets and targeting ilgands ere disclosed,, for 
|nstence> in US patent no, S,139^8i9, which is herein Incorporated by reference. 



In om preferred epjbsdimept the targeting Isgahds can be bou«d to the 
ainphljihiilc molecules formlnp the stafeiHzmg snveiiapg through a c(>valertt bond^ 

In mch a ca?5e tli© spscffli: macfcsve moiety th^t heesis to be jsrssait to 
the #hosp}iQlipl<$ or iipy moiscMl© wh^n a targeting amphipltJie msfscute Is 
desSredf Wi!i depeM on the p^rtl<stil§r targeting Ngand to^^^te^^ th«rs$o. As 

an example. If tiie targeting Ijgand esn be imked to ti^e aoiphlphliic mofecfcsfe 
through an amrno gmup^ saltebie r«actty<e moieties fof the smphlphllfc rn^lecofe 
may be isothiocyanat© groups (tiiat will form a thfourea b^ad}^ reactive e$tei% 
fto form an amide bond), aldehyde groups (for the formation otm irsilne bond 
to be reduced to an alkylamlne bond), stc-? sf the targeting ligand can fee tinned 
to the amphiphilic rnolecoie through a thiol group^ suitable eompiemerst-ary 
reactive moieties for the amphlphllfc molecule Include haloacetyl derivatives or 
maleirrjides (to fom-5 a thioethsr bond);: and li' the- targeting Hgand can be linked 
to tbe amphiphilic motecuie through a carboxyilc group, suitabte reactive 
rnoletfes for the emphlphlllc motecule might be amines and hydrazides (to form 
amide or alkylamlde bonds)v The reactive moiety can be linked either directly to 
the ishosphoflpid mplecMie or to a modifylsig moiety (e.g< PEG) linked to the 
phospholiipld. 

As irsd]cat«d above/ in a prBfBrmd embodirneht, when a cohtrSs^t ageht 
contasnlbg targeted rtiicrobubbles }$ desired^ at le^sit part <>f the star« 
phpsphdIpd iAfill osFitalp a sultafcle rea<:^lye moiety and the targeting llgahd 
cqntairiing the eomplememary functionality Will be Jinked theretto -either at any 
step befdre the lygphUl^addn; by adding the targetlrig figaind cdntstoihg the 
compismeptary fync*lon««tY tmto the ph^i^e <;phtaming the ftmctlonallised 
phosphblipld$/llpjd&, 0^^r before, during or after the g^nsratlofi of the 
emulsloo, or just before the reeonstltiftlon step. In thte; latter ease It vipuld be 
possible to f«l!y exploit: the i1e5ci:bil% of the systen^ as the mierobubbles 
containing at least pm of tte fllm^ftjrmlnct phospholfiJldSf dr of the associated 
lipids, suitably functlonajlsed^ might theip be bound to any desired targeting 
iigapd, sharing the same reactive complementary group. 

Not necessarily however the targeting ligand needs to be Isound to the 
amphiphiilc molecules through a cevafent bond. The targeting ilgands may also 
be suitably associated to the mlcrofeubbles via physical and/or electrostatic 
types of interactions. As an example, a functional moiety having a high afhnlty 
and selectivity for a complementary moiety can be Introduced Into the 
phospholipid molecule, while the cgmplementary moiety will be linked to the 
targeting ilgand, Formstance, ar^ avidm (of streptavldin) moiety (having high 
afilnity fm bibtin) can be oovafently linked to a microbubble stabllking 



16 



phosplioilpld while the eompSemsntary fesstfe rrsolety can fes^ focorporst^^d into ^ 
sultpbfe targettng Bgand, e.g. a peptide or m amibodyv The W©t;ln-|^ 
targetlhg llgand will thus fee asspdated to the avIdln -labelM mterobyhbfe by 
mean^ of the avidrr?-felotin coupHng systemv .According to ah alternative 
S emfepdimeht, a blotin-cpntaming phasphoilpia can he ub0 as a c©mpp«na to 
fprrii the stabilising envefepe of a T^lGrobubbls; Motln-cohtaittlh^ phospholipid 
Incorporated m the stabilizing Envelope Is tben reaet^<i first av^tdln (or 
neutravsdin) and then with a blstm-contaSnlog ilpsnd. Examples of fetotfii/avldin 
labelNng of phospholipids and peptides are also disclosed In the ^l30v« citssd US 

10 6/139,819. Alternatively^ van tier VVaa!% Interactions, electfostatlc fnteracttons 
and otiier association pracesses may associate m ptn^ th« tsrgetmg ilgansi to 
the amphlphlllc molecules. 

Examples of suitable spedfic tamets to which the rnicrobuhbles of the 
Invention can be directed are, for Instance, fibrin, the receptor or fch^ 

IS ©PHblXIa mceptor on activated platelets. Fibrin and platelets are In fact 

generally present in "thrombi", i,e- coagula which may form in the blood stream 
and cause a vascular obstruction. Suitable binding peptides are disclosed, for 
Instance, In the above cited US 6,1 39,8 19> Portlier hindin9 peptides specific for 
IIMnrtargetir^g are disclosed, for instance, in International patent application 

20 WO 02/QS§S4H, which Is herein Incorporated by reference. 

Otheir examples of InipoitSht -tar-gets ItJckide receptors in vulnerable 
p!ac|ues and tumpr specific receptors, such as kinase ■domain r^jglon (KDR.) and 
VSSF (vascular endothelial growth fais;tor)/KDR compIeK, Binding peptides 
siultabl^ fof KDR: or ViEGF/KDR complex are di^ for Instance, In 

25 Internatlottal l^atent application WO m/?4Q<}S and WO 03/084574, both herein 
Incorporated by ref^renice, 

The emulsifying step a) of the process of the present invention cen be 
carried out by subniltting the aqueous medium and the core solvent in the 

m presence of at least one phpsphpilpid to any appropriate erTsulslon-generating 
technique known in the art, such as, fer fn^hce;, spni^ shaking, high 
pressure hohiogenfeation;, micromrxing, membrane emulsification, high speed 
stirring or Nif h shear mixing, e.§, yslhg a rotor-stator bemogeni^er,. For 
instance, a mtor-stator hoirsogenl^er Is empbyed, such as Polytroh^ PTSeOQ. 

?S The agstatlpn speed of the rotor»stator homogenlzer can be salected depending 
fhsm tfte G©mp0hents of the emulsion, the volume of the emulsion and of the 
dlarpeter of the vessel containing the emulsion and the desired final diameter of 



me mldr«dm|il6ts of solvent so emulsion^ lo geiierai. It has ib««fi observed 
that, wher? oslng a rot<ar~st;ator homogenl;Ker hsv?S«g a pmbe of afodut J tm 
diameter immerisfed In a S0~BO ml mSxt:um contained in cm diameter 
beaker^ an apitstion speed of afeosit rpm Is t)?plcalSy sufMent to obtain 
S mscro^lroptets having si mean numerical diamstw sufficiently reduced to resuffc, 
after lyppjhllfeatlon ^n^J mconstltution of the lyophillzsd matrisc, In gas-f'Sited 
mscrobubbles ha%'fng a dsamsfef W Sess than aboyt 1.8 Mm. % Increasing the 
aQltsllon speed at ^^out 12000 rpm^ it 'min gen«mi posslbfe tsi oiatain gas-^fsH^ 
mjcrobubbles having a number mean diamstsr of I^SS than about .1.5 pm, wh% 
10 with an agitation speed of about 14OOQ-1S0SO qsm> gas-fHMrmicrebubbles 
having a number mean diameter of abtiiut l/D um or lass can generaily be 
obtained. In general it has been observed that by increasing the agitation speeil 
above about 18000 rpn\ slight further re<lucti©n of mscroteubbles size Is 
obtained. 

13 A|ts.matfY8.(y, a micromlxing technique can also be emptoyed for emufelfysng 

the' nt&Jture< As knpwn, a micromixer typically contain at least two Inlets and at 
ifgsst one outtei The organic solvent is thus Introduced into the mixer through a 
first Inlet (at flow r^te of si^g^ i)vOS-5 ml/mm), y^hile the aqueous pbase is 
Introduced through the second Inlet (e.g. at a fidw rata of 2-100 m!/m|n). The 

20 ou^«t of the mlctoriRrxer Is than ctahhected tp the vessel C0nts?nf ns the acjuaoos, 
so that the aqueous phase drawn froni said vessel at subsequeht instants and 
introdisced into the micromtxer corstalns Increasing amounts of ^rnulsif^ 
solvent. When the whole volume of solvent has been adiledj the emulsion from 
the container can be Icept under recirculation through the: mloroJiilw for a 

25 further predstermmad period of time, s,g. $-120 minutes, to allow completion of 
the emuision, 

depending on the emulsion technique, -thss organic solyeht can be 
Introduced gradpaily during the ernulslfiGation .step or at ohce before .^t^stlhg tha 
emulsfficatlon Step. Alternatively the aqueous med Sum: may be gra<iually abided 

■30. to the water Immiscible SQlvent during the emufelfie^tlon step or at Once before 
starting the emulslfication step. Preferably, the phospholipid Is dispersed In the 
aqueous medium before this latter Is admixed with tbe orQanlc solvent. 
Alternatively, the phospholipid can be dlspereed In the organic solvent or It may: 
be separately added the aqueom-organlc mixture befom or during the 

3S emulsfficatlon step< 

The emufsificatlon of step a) Is eonvenlantly carried out at room 
temperature, e.g. at a temperature of 22oc ds S^G, or at higher temperatures, 
for instance 50'^C~S0 «C {e.g. In the case of core solvents with high boiling 
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l>oints) ptat bvv^r temperatum, fe^^^^^ d*C^lO«C ts.§. Irs thg case of core 

solvents wl?l>iJoiling points dose to mom femperaturis), Tii^ tiiervipsfatym te 
pmfembiy Jc^pt; fealp^^ the boiling tefT>|?eratum of the arganic s^slyent; pmfers&l^^'' 
at tesst feelm*? said tamiperMaries, more tO^C below. As 

5 protoiiged exposure of the nilxtiim at high t&mp&mtmm (e.g. 90*C or mom) 
may cause ppsslfele degradatfoiiis qf phospHoliialcliS, witJif coiiseq^i^nt fofmMlon of 
of tNe respective fyso-derlyatSvesj It Is In; g^^neral pmferred to avoid such 
proton gecf heating bif h temperaturfes, 

if necessary, tHO a<^yoous mednaoi containmg the phosphollplcls can be 

m subjected to controlled heating^ m o^er m fmumt& the sllspsrslon- thereof; For 
Instance, the phospholipid containing aqoeous suspensios"? can be heated at 
about S0~70»C: for about 15 m»>utes and then aliovved to cool at the 
temperaturs at which the emuision step Is then carried out. 

As previously mentlorsed,, additional amphiphlHc materials, such as those 

IS previously listed, can also be Introduced Into the erntsislfying mixture containing 
th© phosphoilpld. The amount of said additional amphlphlllc compounds Is 
preferably not higher than about S0% by vvfekihi-: with respect to the total weight 
of amphlphific mateiial, mors prefej-ably not higher than by weighty down 
to an amount of e.g. afaout O, S;%. 

We a-SjU^otis medium msy^ If <|es{red, fwrther contain ono or more 
excfplents, 

iSts o^sd hemfiii, th^ ter'm ^e^fcfpleinr ref^irg to any additive useful In the 
present invention, such as those additives employed to mcrea^e the stability of 
the^muisloh or of the lyophpl^^^e intermediate md/pr to provide for 

3? pharrrs^oeutlcalfy accepfeafele and stable final compositions. 

Exemplary exeipfents In this regard ars, fpi^ inst^nce^ viscosity enhancers 
^hd/or soluhHIty aids; for the phosphoiipjds, 

Vtscosfty enihancers and sdS«foillty aids thsst may sisltalsiy employed ar« 
for example mono- or polysaccharides, such as glucosej ietetose, saccharose, 

30 and dextrans,< aliphatic alcohols, such as tsophipyt gilcohpl and butyl alcohoh 
polyols such as glycerol, l,2"propansdlo|;r and the Itk^ agents, general 
however we have found that It Is onnocossary to Incorpdr^te addltsves sijch as 
viscosity enhancers, which ere comnnonfy employed In many existing contrast 
a>gent forrntilatsons, into the contrast agents of the present invention^ This is a 

3S further advantage of the pjpeseht Invention as the number of components 

3dmfnists!-ed to the body of a suhject is kept to a minimum a«d the viscpsity of 
the contrast agents is malntai«ed as low as possible. 
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As mmtionM feefore, the Applicant hss found ^uNl^sn^tolSy unnecessary, 
io «dd wsife«H»S0lul3te si:mc*ur«~feylldefs, such as ciielestemi, to tfle emylsil^'ing 
mixtore. As a matter- of fact, it has been observed ^hat srj arp^ftrst: of O.;0S% 
0#\* with respact to th© total weight of trie emalsify1r50 ml>^ of cfjolesterol 
■S: dramatically reduces th« conversion yteid from mtertJdmpI^ into g®s-f!He^^ 
microyeSicles^ fyiifclier resulting in a brQad~<j!sp6rslor> of the x^es|cles^si5:e Th« 
amourtt of vsfater-msGfebte compounds in tm ^mUmfy'mg mlsdure^ pafticttfarty pf 
mose compounds not comprising one or twm fetty aad r«s|^ue 1ti tNirstmisture, 
Is thus- preferalsly fower fhan 0.050%, tmm preferably loWerthars atsout ©,036% 
19 by vveIgM with respect to the total weight of th§ emulslof^, 

Emuissons produced according to step a) may sdvantageously he 
subjectod to one or more washing steps, pr|or to the lyophilizatlon of step b), in 
order to remove excess of phospholipids in the aqueous phase (not associated 
to the emulsion) and separate and romsove ophcnsl additives such viscosity 
15 enhanters and soiubllltv aids, as well as undeslred materia! such as ccsllosdal 
particksj.: and uniderslKed ar^d/or ovwsi^^ed emubion droplei;s. Such washing 
may aff-ected In/ser se/knpwn manner, the emulsion being separated using 
;tschnl<|ues such as deoantatlon^ flotatfon^ cehtrifu cross flow filtration and 

the U\m, 

^ If washipg staps are foreseen, and sf a fypprotectiVa agent was present in 

the dnigjfsai ;a<|ueoys phase prior to the generation df the; emulsion^ said vvfashlh^ 
steps mn be performed with aqttedus solutfonis coht^lnihg one or r^ore 
!yoprotefd|:ive ag^ht^ to raiSla-c^ the amount of tyopmtectlve «0ente> partsaHy 
removed with the washings. On the other slde^ If no jyoprp|e<rtahl ws$ pr-&s4m 

as In the emulslfieil a<:iuedhs--dr''gaiiifc mSxt«re, the formed emulsion can be washed 
with a lyoprnteotant-containlnq aqueous solution^ in ordef- to ihtrdduce the 
fyoprotedtant Into the ^mulsll^ecl mtkture or, altefpatiyely, the lyoprotectant cm 
he added after the washing stepSf prior to lyophilisation* 

If desired, the smuision (either as such or affer the washing step) cm he 
subjected i:o a ultrafiltration or rBlcmfiitration step hefore lyophiliiation. In drd^i? 
to further reduce the amount of iafga size n-Jicrohubhfes In the toal 
reconstituted suspension. During mtefohitrstion, e.g. wjhi a 5 pm or 3 pm filter, 
large sixe microdroplets are in fees retamad by the filter and separated from the 
rest of the small size rnlcrodnDpfets, thus preventing the formation of large size 

35 mlcrobubbles upon reconstltotlon of the lyophilized material, hlicmhltmhon can 
fee accomplished according to convsntlonal techniques sucii as positive filtration, 
vacwarrs filtratton or in-line fsltratfon. M of hitradon can be Nylon, glass 

fiber , csllyfose^ paper , ppiycarhorsate or polyester (Nudepore"^} membranes. 
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AixordSng to an altemativ® smborifment^ an arfdItSonal amphiphUfe 
comiKsund can be add^d af|0r the fofmadon of the e»vu1sion ^sxqrdinf to the 
pfoisv© teachings^ either with or withoafe: the washing steps, In partieularf an 
aqueous suspension of the desjimd compoi^nd Is ^ided to ths fbrfs-ied emui^i^n, 
5 fsmfembly under agitatipn and hesfcirjf Cpmfsrably at Isss tl^an 80*Cf e.f< 40*'C- 
80^C, in particular S0^70*e), M orsieir to add s^t4 mmpmrni ka iM stabilising 
envelops. This aSternaiib^ve emlKJdimetit }$ parfcicolady usefuJ to subsiequerstly 
introduce Into the staliiil^sng layer amphlphi Sic (Ssmpotinds whiefl may o^feerwsse 
negatively affect tliie pmpertles ef tha fihal product if htfodu<5ed In the mstial 
iii mixture of ths emulsion, gxamples of amphsphllic mnipoiJhdS which eah: 
m.nveniently be sufisequ^ntly kitrotiumii as additional components of tha 
stabilizing envelope after the preparation of the Initial emulsion are, lor 
mstBncB, PEG-modifisd phospholipids, in psrtlcuiar PEG-modlfled 
phosphatidyiethanoian^ines, such as DMP£>PEG7S0, DMPE-PEGIOOQ, DMPe~ 
15 PEG2G00, DMPE~PEG3000, DMPE-P£G4000, DMPE-PEGSOOO, PPPE-PEG750, 
DPPE-PEGIOOO, DPPg~PeG2000, DPPE~PEG3000, DPPE-PBG4D00, DPPE- 
PBmOOQ, PSPE"PEG7S0, DSFE-PEGIOOO, DSPe~PEG2000, DSPE-PECiSQOO, 
DSI»6-P|G4000/ DSP6-pgGS0QO, DAPE-PSG750, DAPE-PEGIQOQ, DAPE- 
f»Eie2QG&, D^PE~PEG400a W DAPE-PEG5000, SimiiSriy, also 

20 PES-modlffed phdsphoilplds bearing reas±lvs moieties or targeting ygands C«^<S- 
containing blotin, maialmlde, or maleimSda^'psptlde) cait conyonlently be 
Introduced siJbs^<|u<&ntly ac;cor<|ing to this mefchodv In adcfition; this technique 
can also foe «sed to subsequsntSy add to; th« compo^itloh of the stabilizing layer 
other edmpohsnts, such as Jipope^ Bxamples of 

as polymeric syr^ctants which can be convenlehtiy added aftsr formatlph of the 
eFnulsion are, for Instance, Mhyleneoxide-prppylenpxlde block copolymers^, such 
a^ Plurohic Pluronlc Fi0S, Nuronic F«127 {Sigma Aldrlch, ^^1l^duri3, USA^j 
Folyoxyethylatsd alkyi ethers such as Bflj*^ 78 ($if ma Aidr'iCh; Missouri, USA):, 
Polyoxyethylene faity acid esters stsch as %r|*^ 53 or Myrj^ S9 (Sigma Ai<:ifict^, 
38 HIssoMrl, USA); Polyoxyethyianesorbltan fatty acid ester such as Tween"^ M 
(SSgma Aldrich, Hissoori, USA) : or Polyethylene §lycoi test-octylph^nyl stt*er 
such 3sTHton*^X"100 (Sigma Aldrich, Missouri^ USA). 

The Applicant has In fact observed that the use of a mixtore contafning 
fi?T)lted amounts (e.g< less than WW by weight) of a PEG modified phospholipid 
{8,g, OSPE-PEG or DPPE-PEG) together with a film forming phospholipid (e.g. 
DPPS or a 50:50 mixture of DAPC/DPRS) fcr preparing an emulsion according to 
the process of tha Invention, may detefrolne a substantial broadenlnp of the size 
dIStslhution in the final pn>duct, with respect to the si^e distribution of 
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mlcmbubbl&B obtmtmd from an ^s^iulslen contaifsmg oi^iy tte 0im forming 
phosphpllpld, Ors the other side, if an emy|sior> containing only ths film forming 
phospholiplel Ss fSrst prepamd an<^ thten an aqueous suspension of the PEG 
modified phosphpllpjcl Is sybsjequsotjly added t© the obtained emylsSo?? t^.g, 
S: tinder agitatfosi for 1 Nour^ at s temperatyre of afc>btftSO*C)f It has |>#n 

observed that rstfver High amount (typicaliy more than 30% by weipht) of tl-i^i 
PEG ftiodffled phospholjpld can bm Incorporstad into the st«6bHs:s:lpg envefppe,. 
without substantially affecttng the sfee dMribptian sf the final product. 
According to a preferred embodiment, the emulsion Is subjected to a 

10 cantrolled additional heating treatment before the lyophilteatlon step. The 
additional heating of the emu islon Is ppsfersbly performed Into a seeled 
coritai ner. The heat treatn^ent can vary fropi about iS mlrsutes to aboub^d 
minutes, at temperatures comprised from about 60»C to about 125"G,, 
preferably from about 80«C to about lao^C, In genemi, the higher the 

is pm^drature, the sf^ortest the time of the thern^al treatment. During thiS 
heattsii9, the emuisJoil can optionally he kept under agitation, 

As bbs«{vad Ijy t:he AppHcant, while this additional thermal treatment may 
result In a partial degradatlop of the phospholipids (e>g. with a cor^tef^t of about 
B''2pMs w/w of lysoilplds In the fln?(l produot, when the amulsiop Is heated at 

26 about 1Q0-120<'€ for about 30 min). It has nevertheless the great advantage of 
allpvviiig a is«bstPhti#l narrdwlr^g of tha size dlstributiop arid ars Increasp of the 
total number of micrpbiifebies In the 0nal suspension, Ihdepepd^ently froftj th& 
mcrkmg dPpditlohs of the Inlitlal emulsii^catlon step (e.g. type; of organic splyertt, 
emutelfyflpg technique, optioiial washing steps, atc,)^ 

25 The thermally tteatsd ^^rh Plifon ean then he di rectly su Ejected to 

iyophlJii^atlGn, %pkally without the need of further wa^hirj^ steps, 

iyopNIIIziatlon of the emuteioh accordlriig to step h) P^ay be carded pub by 
Ipltsplfy framing the emulsion and thereaftor iyophlltelns the frozen emulsion, by 
pers-a generatJy known methods end devlceSv Slnee the drled^ lyophllfeed^ 

■30 product will normally be reconstituted by addition of a carrier liquid prior to 
admlnlstfatlooj the emulsion may ad\'antageousiy be filled Into sealable vials 
prior to lyophlllzatlor. so as to give vials eaeh contapilng an appropriate apiount, 
e,g, a single dosage unit, of lyophillzed dried product for recortstltudon Into an 
Injectable form. By iyophilfeing the emulsion in sndsvsdual vials rather than In. 

35 bulk, handling of the delicate honsycomb-like structure of the lyephfllied 

product and the risk of at least partlaily degrading this structure are avoided. 
Following lyophlllzatlon, the vacuum can be removed in the lyophlllzer by 
introdiiclng the desired gas to 1»rm the mlcrohubbles m the final formulation of 
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tl*6 contract agent. This wiii ailow to f?l! the headspac^ pf me vfals x^ltts 
d«slire4 gas and mm seal the vials with an approprlats closure. AlSematsVeJy, 
the vs^l <^an Ke Icejst ^0 vaojym and ssaled, while fefes gas Is added at; a later 
stage, j«st before adfyimlstratton, for lnsl:a nee when the gas Is ^ radfoactivs 
S or a hypierpolan'zed ^as. 

The so obtained lyophjlked ipraduefe In the prssence of the ^uitabte gas cart 
thus be stabiy stored for seyerarhionths l?«fore being reconstituted by 
dissolving st into an aqueous ca {"Her liquid^ to oijtairj a sifspenssdn of gas~fllfed 
mterobybbtes, 

Any biocompatible gas> gas precursor or mixture tHereof may be employeil 
to fill the above microveslcles, tha gas being: selacted chosen 

modality^ 

The gas may comprise, for example, air; nltrngenj oxygen; carbon dioxide,' 
hydrogen; nitrous oxsde; a noble or inert gas such as helium,- argon,, xenon or 

15 krypton; e radioactive gas such as Xe- or Kr^^;. a hyperpolarl2ed noble gas 

such as hyperpolarlzed helium, byperpoiasized xenon or hyperpoterfeed neon; a 
iow molecular weight hydrocarbon (e.g< containing up to 7 carbon atoms), for 
example ah alkanBaSuch as mstl^ane, fthan«, propane, bufesne, isobutane, 
peht«ne or ssopentane, a cycioalkane such as cyclobutahe or cyclopentasie, ars 

20 alkene isuch as propene, bMene or Isobutene, or an ajkyne suet? as acetylene.; 
an etherj a ketpnej an ester; habjienated gasss, preferably fiuorlnated gases, 
smh as or halogehated/ f!uorihaitsd or pei^iRubrlnated low mojecuter weiigbt 
l^ydrocarboris {e.g. containing up to 7 carbon atoms); or a mixture of any of the 
foregoing. Where a halegenated hydrot^rljon is used, preferably at feast some, 

25 more preffer|ibly all, of Che halogen atoms in said compotind are f^udrine atoms. 
Flu©rlnated gases are preferred, In pestlcular per^yorlnated gases, 
espraily Id the field of ultrasound imaging- Fluorlnated^ases fndyde materials 
which contain at least one; fluorine atom such as, for instanpe fluorlnste^^ 
Ifydrocsrbons (organic compounds cental nlrsg one or more carbon atoms and 

30 fluorine); sulfur hexafloorlde; fluorinatsd, preferably peH'luorlnated,: ketones 
such as porfJuomacetone; and lluorinated, preferably periuorinated, ethers 
such as perfluprodlethyl ether. Pmferred compounds are pssiluorsnated gases, 
such as -SFg or perfluorocarbons (perfluonnated hydrocarbons). I.e. 
hydrocarbons where all the hydrogen atoms are replaced by fluorine atoms, 

35 Which are known t© form particularly :stafofe microbubble suspensions, as 
disclosed, for instance. In ep 0S54 213, which Is herein Incorporated Py 
reference^ 
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Wb term perttusfocarton Indisdes satumted, usisato and cyclic 
perflyqroqarbspns, EKamples of IsioeomuatlWe,. pfeyslqlo^lcaiJy aGCsplafoie 
perfluorocarbons are; p^rfsaowaikane:^^ sucln as perfiuord^irjethane^ 

5 opfcionafly §n admixture mtSi oSli^ lsoni^rs:^ucl) as pefflus^ro-isofcsptan^), 

p6{fluorQj>entansis^ pes^uprohexanes or perfluorohejstanes;; pefSuomaJkenes, 
such as perfl«oroi>ropen^, pi^rflu(>ri3:!3iitfer^es (pag, p&rflmmpui~2Bm) pr 
perfluorol?utadl6rse| perfluorpalkypes perfluorobut-2-yn^); and 
perfluorocycloafkanes (e<tt» perfiuorocyclobutane, perftiiomm«t^iyky:cte.butan«; 

10 perfluorodlmethylcyciobutanes, pert1u<5.roMmeiihy(<^)el.obi|i^anesi:. 
perfiuorocyclopenfcane, pe!tluoron>ethy1cycldpentane, 
psffSyomdirYiethylcycJopentanes, perfiuorocyciolnsxanca, 
pertluoromethylcyclohexans and |>6rf!yorocycloheptane). Preferred saturated 
perlluorocarbons have the formula C„F,vi.s,- where n Is from 1 to 12, preferably 

15 from 2 to 10,, most preferably from 3 to S and even more preferably from 3 to ©. 
Sustabte perfiuorocarbfsns Include, for example, Cf^, C^f^, C^^, CJ^^, 
WiZ' ^^n^ <^,^u' C/,^, G,F,,, and C^F,^, 

Particularly preferred gases are SFg or perfluorocarbor^s selected from GF;^; 
C/... C^Fg, G^F^, C^F^^: or mixtures tharepf; SP^, CsFg or C^F^b a?^ partlsularly 

28 preferred. 

It may also be advantageous to use a mixture of any of the above gases In 
any ratio. For Instance, the mixture may comprise a conventional gss, such as 
nitrogen, air or carbon dioxide and a gas forming a stable mscrobubble 
suspenslorj, sucrs as srsifur hexafluoride or a perfluorocarbon as Indicated above,; 

25 Examples of suitable gas mixtures can be found, for Instance, In WO 94/09820^ 
wblcli b herein Ipcorporated by rWemnce, The following comblnatlcins are 
particularly pfefernedi^ of gases |A5 and (B) m whjcf^ the sas (B) Is a 

Huorlnated gas, preferably soletsted from SF„ CP,. CF^, C.F., C F., C F., 
C^fiar C/jg, CgFj2 or mixtures thoi^eof, and (A) is selected from a?r, oxygen, 

30 nltrpges'ij, caii>on dioxide or mixtures thereof. The amount of gas (B) can 

ropresent from aSout Q.S% to about B$% y/Sf of t;ho tojbal miscture, preferably 
from about p% to B0%, 

1st some m^Shces It may M desirable to Include a precursor to a gaseous 
subst|nce (Lei a matiertarthst % capable of b^lng conyarte^J lo a ^as ln ylvo), 

3$ f^referss Ny the gasooy s preou rsor ahc^ the gas deri v:ed themf r^m arfe 

pln'Sioldjglee^lly acdeptabtev Tb« gaseous precursor may foe pH~actlva£ed, photo- 
activated,, temperature astjvated, etc. For exsmpte, certain perfkiOrocarfeons 
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m^y b& iiSBii m tempemfere aetivsted gaseous precursors. These 
pert!uorQc^rb0ns^ sueli as perfluoropentafie or perfSMdrohsx^ne,- h a 
ilquld/gas plias-e transition temper^urs above room temperature (or the 
fempemture at which the agents are produced and/or Moreci 3 btst feelow feody 
5 temperature; thus, undergo ^ liquid/gas phase tf^nsppr? m4 we 

cssnvertecl tp a :§as vi?ithif> the human body. Further-mom, he t^rm "^a^" as used 
herein includes mixtures fn Vapor ferm at tlse nonrsa hurnan body temiserature 
of 37 Compounds which et the terTiperaturs «f S'^'^'C am l^uld msy thusi^lsd 
be ussd in limited amounts in isdrrsijcture with other gaseous compoursds/tp 

10 obtain a mixb,.ire v.<hich is in a vapor phase at 37^G, 

Fcsr ultrasonic echography, the blocon-ipatibia gas or gas mixture Is 
preferably selected from air, nitrogep, carbon dioxide, helium, krypton, xenon^ 
argon, methane, halogenstsd hydr^carhdns {mcludsncj fluorirsated gases such as 
penluorocarbons and sulfur hexaffuorkie) or rnixtures thereof. Advantageously^ 

15 :perfiuorocarbon$ {in particular QF^^, or QFg) or SFg can be used^ opttonally to 
admixture ^'Ith sir or nitrogen, 

Forthe «se in MR! the niscrobufebies will preferably contain a hyperpolsrixed 
mMm gas mm as hyperpplafl2:ed hsbn;, hyperpplarized helium, hyperpoiarized 
xerton* or mixtures thereof, optlonaSiy in admtxttjre v^lth air, CO2, oxygeb,* 

20 nitrogen, helium, xenon, or any of the tjalogenated hydrocarbons as defined 
above* 

iFor use in sdhtigraphy^ the microbubbles according to the Invention will 
preferably contain ra<jl6a<:*{v?e gases such as Xe^^^ or Kr^^ or mixtures thereof^ 
optioi^aliy in admixture with air^ cq^, oxygen, nltrolan, helium, fefiptdh or any 

25 of itie haiogenated hydrocarbor^s as defined above, 

Tiie lyopbllfee^i composition In mmact vvith the gss can then be very easily 
reconstituted by the addition of an appropriate sterile a^iuepsis irv|ectabfe and 
physidlb^ltaily soceptabN car^^ier liquid such sterile pyrogan-free water for 
selection, an aqueous sblutioh such as sallrve {which may advantageously be 

30 balanced so th$t the final produd; for Injection is not hypotonic}^ or aft asjoeous 
splytien of one or more tonicily-adjustlftg substances Stfch as salfs pf 
plasma catlpns pth sshysipioglcally tplerable counterlonsiy or sifgars, sugar 
alcohpis,, gly?:ols and other non-idjiic pojyol materlsiis (e.g. gitiopiej, sifcrose, 
sorbitol, mannitbl, glyc^rdl^ poiyeitbyiene glycolsj propylene glycols and the 

3S iike), rsqulrtng only minimal sgltatlon such as may^ for examisfe, be provided 
by §ervde hand -shaking. 
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As observed by the AppilesM, tlie so obtsingd recofistittsted mlc-rsfeubbtes 
hm& generally s number mean diameter vvhicb Is sH^itty Idvyer tl^a?i the 
nurnfeer mean dlarnet^r measured for the mlcrodroptets of tlve emuisfon. Tt^e 
mean number diametesr of the micrbbiibbfas is In gert^rsl fmm abotst 60% ts 
S a&out 90% <>f the mean number diameter of the en->u!jslos-?*^s rnkrodropfets. tn 
most cases, a mean number dlsmets>r of the mtcrobybbfes of a&oyt 70-7S% ef 
the mean humber diameter of th^g nfticrcKlroptets :h 

Where the sJrjed produet Is contaided fn; a vfai, this is asm'^^ntently seajed 
with a sepSum through which the carrier liquid may be injected AjsJing an 
iO, optionsOy pre-fjiled syringe^ altemaUveiy the dried product and carrier llc^ij id 
may be supplied together In a dual chambsr device such as a duaf chamber 
syringe. It may be advantageous to mix or gently shake the product following 
reconstltutjon. However, as noted above. In the stabilized contrast agents 
according to the Invention the size of the gas microbubbles may be substantially 
15 Independent of the amount of agitation energy applied to the reconstituted dried 
product Accordingly no more than gentle hand-shaking may be required to give 
reproducible products with consistent mfcrobubble size. 

The microbubble suspensions generated upon reconstltutlon In water or an 
aqueous solution may be sitable for at l&ast la houses, thus permstting 
20 considerable flexibHtty as to when the dried product Is reconstitutsd prior to 
IrEjection. 

Unless It contains a hyperpolan^ed §as, known to require special storsge 
sqendltfons, the iyophlllsed rssMue may be stored and tran#drt:ed without heed 
of temperaturie cpntrbl of Its envlrdr?ment and in particular It may be stfpplied to 
25 hospitals! and physicians for on site forrnwJatfon Into a ready-to-b^e 

adminlstrable suspenslpb without re^^^^^^ mch usens to have speelai storage 
facilities. 

Pr^ferabiy In siich a case it can be sujiJpiied in tbe fbrm of a two component 

kiti 

m Said two component kit can Ificitide two sebarate cobtalners or a dual- 

chamber cont^insr. In the former case preferably the container Is a conventional 
septum-sealed vial, wherein the vial comainirsg the lyophilized residue of step b) 

sealed .with a septum through which the carrier liquid may be Injected using 
an optionally preflHed syringe. In such a case the syringe used as the container 

35 of the second component Is also used then for Injecting the contrast agent. In 

the latter case^ preferably the dual-chamber container Is a dual-chamber syringe 
and once the lyophllssate has been reconstituted and then suitably mixed or 
gently shsi<:en, the container can be: used directly fer injectfng the contrast 



agsnty In boih cases mea«s fos^ directing or permitting appSlcaifefon of sufficient 
babble fGrming energy Into the contents of the eonlamsr are prsvitiec!. However, 
&s mm4 afoovs^ In the stafelllsei cont^^ accors^ing to the Invsfitson the 

size of tiie i^as rnlcrofc>uteb|es Is substantially ifidep^fjdent of the ameusit of 
agitation energy applied to the refconstituted -dried producti Accofidlwgly no more 
than gentle hand shaklngi i^ generally rsqulrsd to give jrepmduclfcfe products 
with consistent miGrobu&bie s:i2:e. 

It can be appreciet©?^ fey one ordinaipy skilled In the ert that ©feher two- 
chamber rsconststution systems oapable of cornhsnlng the dried pcswder \<v:ith the 
aqueous solwtfon In a sterile menner are also within the scope of the present 
Invention. In such systems, it is paitlcularty advantageous if the aqiseous phase 
can ije Interposed iaetween the water -iiisoiuhle 9as and the ersvlronmentf to 
Increase shelfllfe of the product. Whers a material necisssasy for forming the 
contrast agent is not already present in the container (e.g. a targeting fscjand to 
tie NnJc^d to the phospholipid dunng recorsstitutlon)^ it can be packaged witli the 
othw components: of the klt^ prefs^^^ In a form or container adapted to 
facflltate ready cprnblnatlon with tliie other con>ponents of the kit, 

Hq specific: containers, via! or ^ssnnectloin syatepss are required; tim present 
inventson may dse dofivehtlonal contafners, ylals and adapters. The only 
t^qulreniient te a s|Ood seal feetweeh the stopper end the cos^taSner. The s|u®llt>' 
of the seal^ therefof^^ feecohiifes ;^ matter of primary concern; any degrsd«stlon of 
sea! iritegrfty could aOow ursdesjrahles substances to sinter the vlaf, in e^dStlpn 
tO; assuring steflfltyf Vacujum retention is essential for products; stoppered at 
^P^*^*'*!? fetiiu^^ad pressures to assure safe and pj-^iper reeohstltu^ion. As to 
the stopper^ IE may he a conftpound or malt^cornponent formulation based on an 
ei«j5tomefv such as poly(lsobutyiene) or butyl ri^bber^ 

The contrast agents ofetalHafete by the process of the present Inyentlon may 
l>e used In a variety of diagnostic Irnaging techhiques:^ inciudlngi Ih ijarticuler 
ultmsound snd i'^lagnetlc Resonance. Posslfole other diagnostic imaging 
applications Include scintigraphy light Irnaglng^ and X-ray Iniagin^^lhclydmg X- 
ray phase contrast imaging. 

Their use In diagnostic ultmsound injaging and In fIR Imaging, e.g. as 
susceptibility contmst agents and ais hyperpolarized gas isubbles,. const^tute 
preferred Matures of the Invention, A variety of imaging tcchn)£|ues may be 
employed In- .ultrasound applications, for example Including fundamental and 
harmonie B-mods Imaging, pulse or phase inversion Imaging and fundamental 
and harmonic Doppler Imaging; If desired thme-dimenslonai teaging techniques 
may fee ysed. 
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Iti Vsv'<> uitrasouod tmtB m rabbits, d<sgg and pigs have shown that coi^lmst 
agents aceprding to the inventSEsn may ps^duce an Iftcmase In backssattersc! 
signal InteiisitY ffdm tha myocardiUiti of 3.$-25 4B IpllovvSng Int^ 
Irsjecfelon af 4oses ^as low as; O.OOi mi/kg body weight. Signals may ha ob^^rvfed 
5 at even iow^r doms using nl<>i^si sensitive fechniqufes such as color Dssppfer or 
pov^fer pulse inversion. At th^se low doses, att^nuatlcso In bfodd-fjlle?! 
compartments such s& the hegirt cHf ml>^rs has bsen fpysjd feo be sytfici^oSly iow 
to permit vISMSHxatlon of rpgioiig of Interest In the rriyiocardfal A'asculature. Tests 
have ateo shown such intra^/enously injected contrast agsnfe to be distributed 

t& throughoul: the whole biood poQl, thereby enhancing the echogenicity of all 

vascularlsed tsssues,- and 'co be recircuSafcad, They have also been found ussful 
as gcnerai Doppier signal enhancemenl: i^kls, and may additionally be useful In 
ultrasound-computed tomography a,nd in physiGlpgicafiy triggered or 
Intermittent Imaging, 

^5 P<35' ultrasound applications such as echcscardiogrophy, fin order to pennst 

fr^e passage: through the pulmonary system and to achieve resonance with the 
preferred Imagsng frequencies or about 0.i-.tS MHs, microbubbles having an 
average mm of S,i~lO |jm, e,g^ ^.S-? pm arfe g«nsral!y employed, As described 
abdve^ cqnfcmst ageirtts according to the {nventioh may be produced wfth a very 

20 nasTovv Sfaie dlstrlfoytipn for the m dsspgirsiion within the range 

pfsferres^ for eehocardiogf^phy^ thereby greetfy; srvhancing thesfr echogenldty as 
weM as their safetyin vivo, and mhdsirlrsgi the «;dntrast agsrits of prartlcular 
advsifttage In applications: such Mood pressure measurements, blooci fidw 
tracing and ultrasound tomography. 

25 lb uitraspund supplications the contrast agents of the Inventlbn may, for 

©Kample, be admimstensd in doses such that the ariiouht of phospbolipfd 
li^^cted Is in the range 0.1-200 pg/kg body weight, bi?picaliy 1S^290 p^/kg In 
the absence of a \A;ashlbg step for the emylsidn and O.i ~3f lig/kgi If the 
emulsion has been wash>3d prior to iyophlllsatson. it will be: appreciated tbat the 

30 use of such low levels of piiospholfpld is of substantial advesitage In fnlhlmislBg 
possible toxic side effects. Furtherniorer pe low levels of phospholipids pmsent 
In effective doses may permit dosage Increases to prolong observatfon times 
without adverse effects. 

According to a preferred embotllrnsnt of the Invention,, the process of the 

35 Invention allows to obtain small diameter gas-filied mlcrobufebles showinq an 
axtnemely narrow size distribution,. Thus, by suitably selecting the components 
of the mixture and in particular the amount of agitation ersergy applied dyring 



tM miiii^m of the aqweous-organic mixture. It Is possSisfe to obtain gas-IIHad 
mjcrobufefeies with the desired numerical mean djametej^asid size dt^tri^ 

In particular, biy 8>?p|oltir)€| tlie process according tethe jsrsssnt Inventioi^ 
It Is possifete to obtain epntnast agsnts comprmiftg phosphollpld^stablfe sm^U- 
S sl;£e<l gas mlcrob«l>bliSS chapdfcesnzed by having mfatiyely smali mean 

din'^erssjons and a particulariy ussful narmw and controlled ^ize dlstrilXitlors. 

As known by th0s« skilled in tjfte as^t, the dimenis 
B??d their respective size dsstflbutlon can be characterized by a hymb^r ^jf 
pararnetars, the most fregueritfy used bsing the mean diameter in Rymber Pi^v 

iO the median diameter In number Dj^gs, the mears diameter in volume Dv and tiie 
median dssrneter in volume Dyso- While d;an-;eters in numiser provide an 
indication of i-.he mean number dimension of t1>a particies/ the diameter in 
volume provides information on how ths totai volume oi" ths particles is 
distributed among the t'S'hole population. As the presence of very few large 

IS volume particles in a popuiBtion of otherwise small volume partides may cause 
the eorresponding i;)v value to be shifted towards high values,- it is sorrsetirnas 
more convenient to use the Dv^o value for evaluating the distribution of o 
particles' popstetionv Dvse iis a cakuSated value Irsdicatrng that half or the total of 
partlblesMntemaf vqluma Is present in partlcSaiS having a diarnetar lovver timers 

20 Pyss/ t:bis iallows to reduce the ^ffaets of accidi^htaUy forrned large volume 

partfcte irj the evaluation of the size distrSbutfonv Giesriy, moho-sl^ed particles 
show fdenticai Ds^j, Os-ss, Dv^rid pv«!) vialtfes. Oh tha other side^ an increasing 
tead^nlBp of par$|clss' dlstrilbutlon will result in a lai^er (i^ifference between 
these varrous values with a edrrdstpandjhg varlaitlon of the respective ratio 

2S thereof (e;g. increase of Dv/D}^ ratio). Far example, partieles pdpufatiohs 

coptalnlng primarily small partldes (a,§, pisrtlcle^ with a diameter arpurvd ^ pm) 
vifll^ pe^^ltKeless a srnali percentage of large particles (fer lnstans^e particles 
with a dsamster ahove 8 pm) show high&r Dy or Dyso values as companed tp the 
Df^ value, with correspondlhg|y hsgher bs^/pfj or Dysis/Dj^ ratios, 

30 The process of the present shvention hasi thus beep fouhd partfcuiarfy 

suitable to prepare mlcrobuiables having a mean diametsr In number COfj) of less 
than X,70 pm and o median diameter Ih volyme CDvse) such that the Dv^o/Di^ 
ratio is of about 2,30 or lower, preferabfy km'er than 2,10, Preferably said D^i 
value is of 1,-60 pm or lovv'er, mam preferably of ,1,50 pm or lower, much more 

3,5 preferably of 1.30 pm or lower. Hicrohubbles vvith lower values of Df^, e,g, of 
about 1 pm, or even lower, e.g. 0,85 pm and down to 0.80 pm:, can easily be 
obtained with the process of ti^e mventson. The Dvss/Df* rai:io Is preferably af 
about 1,80 or lower, more prefsmbly of afeoot 1.60 or lower, much more 
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pref«r«it>ly £>f afeout 1,S0 or lower, t-'lia-^bubbies wkf\ fewer va]«8s of the Dyso/Dr^ 
mtlQf e^g, 1,20, and even lower, e.g. 1,05, can ©asSly foe ©btalned. 

Furthermore, in the susptensbns of sm«|lstee narfowly-disfe^^ 
mlcrafoubbfeis ofotairsabb ac^ procass of lh« lnvsntfoa> it h^s etn 

5 disserved that the annount <>f ryvlGrobubfofies: with a diameter iarger than $ p m 
(fxpressec? as the percentage of pamdes oyer the total numfeet M peftisil^^,),, In 
particular for microfoubbles h^^i^ins a Djij lower then ab<jut: |.S and s Oyse/D^! 
ratio of !es;s than about 2.00,, is typically lower than about 3% with respect to 
ths totai number of mlcrobuhfeles |r? the susperj^iofs, prsferably lower thap efeout 
3.0 2%,. more preferably lower than afoout 1%, The concentratton of microbybfeie$ In 
the reconstituted suspension is In general of at ieast 1x10^ partteles per 
.milliter, preferably of at least particles per mllllHter. 

The above values of Dvso, P« and number of mlcrobubbles ars referred to a 
'measurement made by using a Coulter Counter Mark II appamlus fitted with a 
iS' 30 Mm aperture^ vvitb a measuring range of 0.7 to 20 pm. 

This: specific category of contrast agents are particularly valuable m 
ifltrssownd imaging. In partica^iar for imaging techniques relying on non-|inear 
scattering of microhtifobifes^ as expteined below. 

Host recent ultrasound contrast-imagirjg methods exploit the nonlinear 

3:0 scattering criaracteristlcs of ultrasound contrast agents. From the hterature (e.g, 
EatocK et al,, Journal of the Acoustical Society of America, voL77(5), ppisss- 
, 1985) It is known tfeat nonlinear scattering Is significant only for 
mlcrobwlibies vyhkh are smaller tftan, or dose to, resonance slste. In particular,, 
micrbfeubbles with din^erssioll^ of half the rason'^nce s:lzs can conveniently be 

15 employed. "'Half the resonaoce mz®" Is the size of a mlcmbUbble m\lh a 
resonance frequency that eciuals twice the centre fi-ecjuency of the transmitted 
ultrasound Wave (Which for particular appficatlpns may be of up to about 60 
MB?), when Imaging a voiume containing a mitrdbubtsle-foased Mitrasound 
contrast a^ieiVt; the det«d;abllSty of the micrpfeubfole echoes agalnsi tissue 

30 echoes is ehhanced by the leyel of nonlinear soetterlng by the mlcrdbubhle$i, 
and decreased by the attenuation Gaysed by th^ mlcrobubfolas; located between 
the probe and the region of interest, Atienyatipn along the transmit path 
pedisces the ultrassund-energy available for generating n^^nlinear bubble- 
response; attenuation along the receive path rerriaves echo-ertergy able W 

ss reach the ultrasound probe. In the case of a susper?slon comprising a wide 
ranga of microbubble sizes, bis mlcrobubbles at resonance size, and larger than 
resonance size,, mainly contribute to transmit-receive attenuation, without 
contributing In an efflcisnt way to the nonlsnaar echo signals. Therefore, the 



overall acoustic response for nonlinear imaglnp greatly benefits from ths use of 
a calibrated set of microbubbles having a nmrow stee distribution and a mean 
;Sfee close to half the vmmmnm mm> Preferably, mlcrobublsles preparatfons 
Having ^ Site distribution eoFrespwdmg t© a Dvso/Dfi ratio of about 2.30 or 
5 \Qwm, more preferalisly of 2J.0 or lower atrtd mueh more preferably of 2,00 or 
lower are employed. f?r^ferabSy^ tbe mBm sfee of the emplo^'^d m|crpfeubfe'fes Is 
«>f aboy-t cfcio% of half the rs^on^nce sfiEe, mora pre of about of balf 

the r^sQH ance size, 

A y«t still further aspect of the presem i wsntlan thus r«3lsites to a rn-sthod 

IQ bf diagnostic Imagiftig which cdmprlses ^dminlstgirlng to a subject b cof^fcrast- 
enbaiicing amouiit of a pontrast agent comprising ^ets-filled midrobiibblss with 
the sfee and iSlae; dliKtrlbutlon as ab^ and Imaging bt least a part of 

said subjiect, Itt paftitiJlar, said diagnpsbc Imgiglng fncfudes ibsobating said 
subjeot by meansi of an ultrasound device gesl erasing ah altrissdun^ w^ye with a 

15 predetermined transrrsit frequency*! f^'om vvblch a correspondsrig resonance $Izb 
of microbubbieis Is deterralned^^nd edmlnlsterlnig a qontrast agent ccsmpHsllif 
gas-filled micmijubbies having a narrow s;lx« distdbytlon and a mean sfze close 
to half the resonance SiiKe. Freferabify, the narrow size dlstrfbtftton and a mean 
size of the mscrobubbfes are as above defi?>ed, For Instance^ a H0I SOOO 

20 ultrasound machine from Philips (e,g, In pulse Inversion mode, with L7-4 probe 
and Mechanical Index of 0-07), can be used in the dlsgnostic imaging method. 
According to this method, said subject Is a vertebrate and said contrast agent Is 
Introduced Into the vasculature or Into a body cavity of said vertebrate. Said 
contrast agent cars be supplied as a kit,, such as those previously described, 

25 comprising the lyoph|!fs:ed^ product In contact with d^e §as and an aqueous 
medium for recpnstitutlbrs;. 

The following ndn-llmltatlve examples are givers for better fllustrating the 
mvendohx 

30 Sscamples 

The following materials have been employed In the foilowfivg example^, 
WOSPHOLIPIGS: 

j5PPg pspa^mlts^yiphosphatidy IseHne (tSenzyme) 

liJPAC: jifl-Dfp3fmitoyhsn''gtycem''3~ phospiiochoilne 

p ppq D i pal ml toy i p hosphafcidy ^glycerol sbdfu m. salt (Ge r>zy me) 

lUPAC: 'Dip^imitoyf~Bn~glymro--3'^ iptmspho^fac~(i~ 
giycmml)] 

OSPA PiSitddrGyi pbospiiatldic acid sodium salt {Gen^yme} 



Oisl:eamyl|5hQsphstidyi<ilycgfx>r soijium salt C^rssyjt?®} 
iUf AC; 1,2 -Dlstearoyi 'Sn-glycero-3-phosplioser((ie) 
Dist«amy?phosphat!dy ichoisns (Genzyme) 
lUPAC: l,2'Ofstearayi-'sn~gfycero~3' phmphochohrm 
DistearoytetbySptosphatidyte^io (Avantl Polar Lipids) 

Dsarachldoylphosphatldylchoyrite (Avanti polar LI pWs) 
(Avanti Pofar Lipids) 

DistearoylphosphatMyletfianotemlB© mod^^ with PEG20OG, 

DiSt^aroylphosphatMytethanote modsfi'esl with 
sodium m^t lifiJektar Therapeutics) 

Dlsfc6ai-oy!phospHatidy:!«tliaf>o!arf3ine mcfditied with PEG£OOG~ 
mal#in)jd# (Av^Ktl P«>i®ir lipids^ 

fi*Sueefnsrnldyl-S-acstySthj<>ac6tate 

H~Ala-Cys~Asp-Cys..Arai-C3!y"Asp-Cys-Ph 
(ArvaSpec Int.) 

SOLVENTS: 

Pe^^ydro-n-li^xahe (C^Fi4)j foy Fiuka 
perfluoroniethylcycfohexahe (GPrcycio-G^Fu), by Ffuka 
S perfluoro-n- heptane {CyFje), ^ FlMka 
iperfluorp-D-nonaneCC^jP^o), by MMcb 
p^tfimma&tBi'm, by AldrScb 
Cyclohexs«<», by Ffut® 
Cyclosctane^ by Fiuka 
10 !i-DecaPS, by Flyka 
n^QctanSf fey Fluka 
meta xyfane, by Fiyka 
Dissopropyi cetons^: by Fiuka: 
CCI4, by Fiuka 

15: 

LmpmrBtrmTBt 

Mamm&i by Flyka 
S!ucbs<& , !i>y PJuka 

Sorbitol, l>y Fluka 
2$) |V|(5ar\|tol, by Fluka 
Maltose, by Fluka 
Dextran 6000, by Fluka 

DieKtmn iseoo^ by pumm 

Dm$mri 40BQQf by Fluks 
2S Xafjiln; fey Fiuka 

CHARACTERIZATION OF IV1ICR0DROPLFTS A«D f^ICRQSUBSLgS. 



PSPG 
DSPC 
PSEFC 
DMPC 

DST>\P 

DSPE-PEGSOOO 
maielmid 
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lt>e size distribution of the emulsions micmdroplets l-sas beett deterrnlnsds 
toy means sf s Coislter coutiter (Coynter Hark II appamtus fitpKi With^ 
W pm aperture with a me^uring psnge ol" Q J to 20 um)^ wherr tile emulsion 
has been submitted to a wsshlgg stspj iO|il of eimiilslon vvere dsiot©{| in 100 mi 
S of sstsn^ at foosts teniperatjum snd aliovvsci to equilibrate for 3 miFiat«s prior to 
memuramisnt) 

b) by means of ^ laser tight scattering pa^^^^^^ 
dilution 200x, focai length 45 mm, stanciafd pfssentistton')^^ 
fiot baan subjected to a vvasiiing st^j?, 
10 The size dlstrlbuilons, volume concentrations and nomfs^r of tbe 

microbubbies (afSer ryophllisatlon and mconstilution with an aqueous phase): 
were determined by using a Coulter Counter Mark II apparstus fitted with a 30 

aperture with a measuring range of G%7 to 20 pm. SO pi of rnicrobubbie 
samples were diluted In 100 ml of saline at room temperature arsd af lowed to 
;15 equiiiisrate for 3 minutes prior to measurement. 

The ampunt>3 of phospholipids in the final preparatiions (ernu(sson of 
mlerobubbles sus|>ensjon) were determined by HPLC~MS anslysis,. with the 
fellcm?ins sei: up; Agilent lIGO LC ehromstogfaph, MH CC 12S/2 mm - 5 CS 
column from Haherey Nagei, Agilent HSD <S1946D detector* 
20 LYGPHILIZATIOINi 

The lyophils2;attlon mefehodblopy and appamtus were as follows. Th^ 
emulsion (pptldnaliy after the washing j^t^p> if preseh^^^ Is first frozen at -4S*C 
fpr S mijitttes and thenfreeze-dried Clyophllteied) at rpprri temperature at a 
pressjure of 0.2 mbBrf by u&ing;^ C:hr|st-Alphes 2-4 fTee2;e-^rfer, 

W mg of DPPS are added to aboiit 10 rnl of an 10% (vv/w) mannsto! 
aqtiifeous solution; the siusp^nslpn is hearted at 6S*{S for rr^inutes and then 
cooled at ro-om temperature (2a*'C). Perfluoroh^ptane (S% v/y) is added to this 
aqueous phase and ^rt^olsifted In a feeakei- of afooiit 4 em diameter by using a 
high speed homsgeniser (polytron T3000, prohe diameter of 3 mi) for' 1 minute 
afc the speed indicated in table !. The resulting median diameter in- volume 
(Dv5.;)) and a mean diameter In number (Dn.) of mlcrodroplets of the emulsion are 
shown In table 1, The emulsion Is then c^nferifuged (800-1200 rpm for 10 
minutes, Sigma centrifuge SKlO) to eliminate the excess of the phosphoiipid 
35 and ths separated pellets (micmdmpiets) were recovered and re~suspended in 
the same Initial volume of a 10% mannltoi aqueous solution. 

The washed emulsion Is then collected Into a iOO ml balloon for 
lyophflteation, fT02:eh end then frmm>-mieii according to the above standard 
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pmc^iim, jHe lyopWiteed Is then exposed to an aimospltem contaminQ 35% of 
perfluaro-n-butaiia and 65% sf nitrogen and then dlsp^rssd In a Voium% of 
mvst&t twice tfiaft El)© iriitMl etne foy gerstle hand shafelngv Tiis mbrobulifeie 
susperisfon ofetslned after recof>stituitofj with rfMH!^d water Is anaiyzsd i^Sfh^ a 
Co«lter counter. The cor^centmtisn fTilcmb«S?l)!es In thp qlsta|ne4 suspanslo«s 
was of abotjt ixlO^ particles p^t mL The r«sspeceiva mlerblsabfo!^^ median 
diameter m volume (D^-ss)? mea?1 dfarriater In volume (Pv), mean diameter iri 
ffymfoer (Dfi) an the amount of mterebufebles; witli diameter larger th^h 3 prn 
{percentage over th>3 total nymbgir of mlcrobulsbles) are gjvert In itaBte 1> Whsp 
o>ore than one example has been performed at the same agitation speed,, the 
vakies indicated m table X are referred to the ttieaift calculetad value of each 
pararaeter. 
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3.0S 
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2.17 
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1,55 
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1,69 
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1,24 


l.SO 


0.„93 1 
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1.44 
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a,20 
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1,08 


1,29 






14500 


2.00 






1,39 


1.01 


■ X* 


0.06 1 




ISOOO 


1,88 


1.39 


1,22 


2.20 




1,21 


0.06 1 


i| 


15S00 


2,10 


1,48 


1,24 


1 ,46 


i<02 


1,22 


0.11 1 


; Ik 


16000 


1,83 




1,27 


3,oa 


0,99 


1,28 


0,10 i 


tf 




1,40 




0.S1 




0,87 


1.0S 


0,61 I 



The same procedure adopted for example 1 Is foBowed, with the odiy difTerehGe 
that the phospholipid Is a mixture of DPPS (20% w/vV) 4ficl D&PC (80% v^/w), 
me total a,mount of phospboifpid j^emalning oncbanged. The results are 
surnmarteed In table 2, 
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0,14 1 



The mm& pmmdum sdcsptsd f<>s* ex^mpfefe 2 is foltov^^d, vyftb the only diffemnce 

are summaHsied In tabte 3, 
TaMsss 3 
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1,43 
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1.07 


1 .. 


0,23 i 
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1,93 
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The same prqdesium acisspted fpt 'msmph 2;ls feljowed, wstt? the only diW&mnce 
that mixtures of X>'SPA m& DPPS with dlJffemRt weigM mtfes were prepamdv 
The results art summarize£l |ri tahte 4, 
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.iBml....... 


.iiJiaL 




1 (urn) 




Jj.%1 

i 1,07 


1 #a 




1200G 
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\ 1.24 


j 1«56 


j 4b 


50/ SO 


lioop 


2,81 








1 1,69 


1 2>07 


1 4c 


SO/SO 


12000 


235 




1-64 




1 1.55 


i 0.74 


1 4<S 






2.50 




24 X 


1 1*:^./ 




j 1.45 



Tfis sam^ jsrqeedure addptecJ fer iexsrn^^^ 1 Is foHbiyed:, with the only difference 
that a 1/i Cw/v«) phospholipid; mimra of DPPG and PSF^ has fo^eh smpi oy©d 
(fcgbl concentmtlon 1.0 mg/ml) m admsxfere with 10% ^«if/W (with respect to the 
MtBl weight M ph<sspho!ipiaX The resMlts are symmarltecl m 
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15 E«a m p i e 6 

The same procedure adopted for example i Is followed, with the only difference 
th#t PSEPC Is used phospholipid and perfluorchexane Is used as the organic 
saiveht, the applied mtatlon sp^ed Isof xiooo rpm. Dimensions, slie 
distribution and: percentage: of micrpbuhfoles with djarneter larger than 3 
20 were as Mlows, 
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(pm) (pm) C*^) 

1>6S 1,11 , IA9 Q.3S 

Qismte^ wiater (10 ml) cdntaming DPPS {tO mg) as ph^jsphoirpld ^ heal:^*^ at 
JQ^C fm- is minutes and theni cooled at room temperdttifs. 0,8 ml of an orgarvfc 
5 solvent as sp^clffed in the follpwirjg table 6uW&m gsrnulsiHed in this aqyeous 
phase using s higt^ spiked hismpgenteei" (S^oSytron T30Gd) M; 16000 rpm fo?' 1 
minute>f he emulsion ^dded to lO m? of a 15% dsxtrsn 15006 solution,, 
ffoMn and Iv^pHliteed {;0:,2 mbar, 24 hours}, After lyopmiiisatlon^ slr te 
intrd^ucad In th«; iyophlli^ier. The mlcnobufebi^ su^pieii^iOn bbt^ihed after 
10 rie<:pnstitution with dfstiOed wfataris ssnaSyx^d using a Coulter counten Table 6 
summarizes the results in terms of dimensions and sliss dIstNlidtlon of 
mlcrob«t>l>les. 
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t,S2 


2.47 


n 
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1.3S 
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2.01 
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2vS7 
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7} 


meta Kytkm 


2.4S 


1 X 


2.02 


7k 


Diisopropyl cetone 


1.8.3 


1.05 


1.74 


71 


ecu 


1.90 


1.2? 


l.SO 



TN^ afedve &mt?tpW 7 Is repestigid wlth^ tiif : same methodpbgy, by using 
p^rfitioro hexane as the organic solvent and different iyofsroteetlng a^ehts at; 
different concentrations as butlin^d Ip tsfoie 7. Tafete 7 summarizes the resislts in 
terms of dimensions and size dbtributlon of mitroijubfolesv 
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i.yojpmtacta«t and 
c;*jnceri:$rat50« (vv/w) 




■0s>s 








(pm) 




Sa 




4.35 


1,90 


2,29 






2,59 




2,20 


1 Sc 


Sorbitol 5% 


3>S4 


1-40 


2,74 


1 ad 


Mannitoi 10% 


2.22 


1 22 


1.82 
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Mannltai 5% 


2,24 


3., 21 


1,85 


1 m 


ManMtol 4% 


2.54 


1,45 


1.75 


i ^9 




3-42 




3>4S 1 

■ ■ i 


1 ^fe 


Pextmn 6000 7.5% 


3,30 


XAB 






Dextran .15000 5% 


2,55 




1.95 1 


Sk 


Dextran ISOOO 7,5% 


2,77 




1.92 1 




Daxtran 4000Q 7.5% 


2,54 


1,32 


2.29 1 




Xftuisn 0% 


3.58 \ 


3.«43^ J 


,2.70 J 



Example a is r-^p^ated by emylstfying the mSxtum at ^3 speed of IPSOG rpm. Xn 
adcfsiisn, the same exan^ple is mpeattes^ i>y aefding diifer^nt amounts; of Pits ronic 
F68 (a pQloKam^r corresppndmg to Polox«mer 188): into tf^e a<jueous phase 
prior to emulslfiGation^ as psitNnesi In tabte 8, t0te^ shoviirs te resute 
ccjmparativs exp^rimertt, in terms of sl^^ distilbytlssn and conversion :>^!Old of the 
microbubbies- Conversion yield Is gitven d$ -iJeriQ^^gi^ :nuf!i6^r.-o:f's?»s''fth^ 
rnlcrobubbies formed upor? reconstltutlon of the lyopl^l^zed mstrlx Vyrfch re^OGt 
to the nu05ber of mieroslropieis measured In the smuislon, 
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2>3S 
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to the vokime 
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The above results .show that with s concentratson of poloxamer corre:spoiidf,ng to 
half the concentration of the phospholipid (he. about 33% of the total amount of 
sorfBctants In the niiKture), both coiiverslofi yields and size distribution of 
mferotsufobles am negatively affected. 



E5<srriple 9 is mpeftetj^ |>ut ifisCead of addlrs^ Pl«ranic F©8 to tf^® squ^sstjs 
different amounts of cholesterol (from Fiuka| wsre add^s^ to the orgsnic pha^^ 
prior to emulslfieatlon^ as outljlnied In table Table 9 M>ows the sgsyits pf tfie 
Gornparatlve 6Xp<^flment, in t«rms of sl?e dbtflbyyon and conversion yield (fmrn 
the mlcrddroplets of the aniulsj*>n) of tli^e mlcrobubble^, 
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:B.2S 
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*CoriGentr^tton referred to ths vdftthle of th^ aqueous phaie 



Th'® abov« results show that witii a concentration: of 0-050% (w'^^^ 
K) chofostero! in the aqoeous pbstse, both conversiOfi yfeld and ske distrsbutlors df 
mtef^bubbtes am hisphiy nogatSv-ely affectes^, A concert tratloi^ while it 

may provide acceptafoJs dimensions and size distribution of mfefobubfoiesj $tin 
raswlts in a rather low corsversion yield. 

15 PistUfed water (30 mi) oontalnlrsg 60 mg of DPFS and 3g of m^hnftpl Is heated 
to 7Q«G dixrlhg 15 mlnutei^ then eooied to mom temparahire, 
i^tfluGroheptane is ernulsified In this aqueous phase usshg a hlf h spfeed 
homopani^er :(f^olyJTO# , llSOOrpm, 1 minute). 

The resulting emulsion, showing a msdiari diameter In voiume (Dvsc): of 2.3^m 
20 and a mean diameter in nymber (O^) of 2.0 prHj is washed once by 

centrffugation, resuspendad In aO ml of a 10% solutfen of manhito! fh dlstliled 

water and then diivlded In three portions (3xlOmi), 

The first portion (A) is used as such for the subsequent iyophiNzatksn step. The 
second portion (8) Is collected Into a syringe and hand-injected through a Spm 
25 Muclepore® filter {47mm - Poiycarbonate), The third portion (C) Is filtered 
through a 3|.sm Nudepore^^ fsiter (47mm - Polycsrbonate) with the san'^e 
method, 

the emulsions were fm^en In lOOmI fealloon (-45<>C for 5 minutes) then freeze 
dried (0>2 ms^r, for 72 hours), 
30 Atmospherie pressure restored by Introducing a 3S/SS mixtdro of QFjo and 
ali", T>ie respective lyophillsates were dispersed in distilied water (10ml), The so 



10, 



15 



30 



2§. 



ofctainsd microbufobles suspensions are aoalysea usinf a CouKw coumar and 
the resijite am rs|K>rted irs file fdrowing table 



1.44 



PprS <; 1,57 1,09 

m ^Mvifi by the ^bove results^ thie additional l^ltr^t?^^^ ^ep allism Ixs ftisthsr 
reduce the dlmensisjn oF the rnicrdbiibbiss and to reduce the rsspeetive size 
dsstributlor). 
Example 1,2 

Example 1 has b«en repeated, Jsy ysmg to mg of a 7/3 (m/w) mmtur^ of 

DSPC/DSTAP, at an agstatlon speed of .tiOOO rpm, 

Characteruatlon of emulsion droplets .and mlcrobubbles were as foftov(?s: 







1 ^vso 1 Psj 


.^.vs<i i 


0S3 


1 1 


2:«i0 i 1,12 



Example 13 

Hie preparal-sGn of exampSs 1 is re|x^ated., feyjemufelfying fchs mixture M a speea 
of lOOOQ rprn (sxsjT^ple 1:3s). 

The same praparatlort Is repeated, by further adding about 0-S mg of DSPE- 
PEG2Q0d {;SbOut 8.3% of the tQtal arnourtt Of dispersed phpsplioHplda) t;o the 
Initial aqueous suspension (example |3h), 

ISlo vvashlf^g by c^ntrlfygatlon Is; parforrned on efther thfe two prepmtlons, 
T^ble 10 shom the charactedzatloh of 4ibe both of the 

«muls:|pn ahd of the nilqrobuijbles suspepsldn. 
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; Emulsidn 


MIcrotiubbles ~1 
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(prti) 






Convsrsson j 
Yiald (%j J 






2.66 


1-33 


2.00 




X3b 


4.32 [ 1,43 i S.Si \ 


1.18 


4.92 


1 



The above results .show that with a csncentmtsoh of DSPE-PEG of less than 10% 
by weight (with respect to the total amoont of phospholipids), both cmy^miga 
yields and size distribution of ralcrobubbles are nfegatfvejy ^ffi8cEe<l, 

The pi^paraipn of exampte ii ?s repeated, by replacing DPPS with ths same 
amowiat! of a i ; 1 {w/w} mixture of DAPq/DFPS. 
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The resuJSng «irnulslcjn is divfdesi In three portions of 10 mIf Wfthout washing 
It by centnf ugatson . 

Ameom smpmmiom of tm^B-PEmmo ancf of PS?>ErPEGSQOO are 
separately prepared toy dispersing 25 mg of the respective PSPE-PECS in 5 irsl of 
$ a 10% rrs^pnitol solutlori under !?ioPlca|ioR (3mm scsi^seation prober, Braftson 250 
sonlier, oatput 3d%, for 5 rrsm). 

An ^ifqiJot of 2,5 rhi €ff e 1C5% msnnito! soiution Is then added to a first 
portlbn of the emulsson Cexample 14s5 

An aliquot of a,5 ml of the prepared DSPE-PECSSOOO suspension to 
10 a second portion of the emulsion (example I4b) 

Ar* alsquot of 2.5 ml of the pFeparsd DSPE^-PEGSOOCi suspension Is added ^to^ 
a third portson of the emuislon (example i4G) 

The three mixtures are hest-sd at 60"C ursder stirring for one hour. After 
cooilog at mom temperature, the size of mtcrodmplets sre determined by 
IS iTseans of Malvern Mastersizer. Results are reported hi table .11. 

The ernuissons are then freeze dried according to tlte procedure of example 
ii. AtiTiospherlc pressure Is restored by sntrodaclng a 3$/65 mixture of C4F.-jo 
and air. The mspeetiv^s iyophlSlsates were dispersed In distHled water (10ml.).. 
The so ofetabed mlcrpbubbles suspeiiisfohs^^w^ usi?>g e Couiter 

20 counter (see tiable IX). 

Ni<!rpbubbte suspensions are then wasbed twtee with dlstl Med water by 
Gentrlfu^atlon (180gi/i0 mid) and lyophlHzed again according to the atsave 
procedure^ The amount of DSPE-PEG Irs the dtled composition Is determfhed by 
fheans of HPLC-NS, Resplts ar^ gSVen In the fpllowing table 11. 
ts TaisiiK 13, 
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Xj.1. 1 0.0 


141? 


^ 2. S 
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13 :| 3S,S 1 


14d 











As inferable from the above resuits, the spbseiq dent addition of ^ t>BPB~P0B 
suspension to the firmed emdislop allows Ihtrddpclng retetlyely high amounts of 
DSPe-PeiS In tbe composltson of the stablUzIng layer (in tftis case mors than 
30%:of the totar v^lglit of the phospihPilpfds forn^lhg ^te stahsiyng envelope), 
without heg^tlvely affecting th^^ final properties of the jTslcrobobbles, 

Slo-sllar resute can be obtained with other PEG-modifled phdsphollplds. In 
jsastidular DSPS-»PgS52000-8lot!n or OSPe-PeG2QaO-Malel^ and with peptide 
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TNIs latter |>eptlde bearlni phospholipy ean foe prepared fpsoi^liig to kpowf^ 
t^clinlqMeSr fey resctrrig the R<St>-4C peptide wJEh S/ssTA, deprotecMns tlie thtol 
group of SATA and reacting tii« depro^ec^ed RGD^^C^SATA wstii DSFE-PEG2800~ 
5 ma]0| mi cie. The p^rep^ration method; descd bed in - PevsldpmeBt: of ESiF" 

conjugatsd liposomes for- targets deHvery of boronated DMA^blhdlng agents", 
by Bohl Ksjfiberg ot ^1^, e|0«s»njygate cih^M^tr^^^ {describtng 
fcbe insertion pf a E(3F protein in a DSPE^PE<3-malelm:iae moleeufej, csr? be 
copvenlentfy used. 

to 

10 mg of a .1:1 (w/w) DPPS/DSPC msxture are added to about 10 ml of a 
10% (w/w) rnannitol aqueous solution. 

The n'dxture Is heated 70**C for IS miniitas snd then cooisd at room 
15 temperature (22*^:). Cyclooctsne is added at s flow rate 0.2 ml,/min throuqh 
art liilet of a micromlxer (standard silt Interdlgldltal micro Mixer, housing SS 
aXSTr wltb nlckehw-copijor inlay, 40 ytm x 300pm, Institut fur Mscrotechnik 
Mainz 0mbH) to the ^<iueous phase circulating at 20 mi/mln at room 
mmperaturet/ for a; total amosunt &f 7x4% (v/v) of organic sol veht. Upon 
m compfgstlon of th^ addltioh of the organic siai^snt^ tlje emublon is mdrcuisted In 
tlise micnpmlxef for addltiorsai 20 mlnum^. 

The emuisiOrt ss than dwd-ed into five aflquot^ of ;^ ml each and W is 
introdijcsd mtp five viafe t>If*l8fl, Four vials are seated and heateel for 30 fhihiit^i 
at tenifjefatures of 6Qy 80/ 100 arid 120*'e> respectively, ss lndicsteil In table 
25 iS/ ^hiie the fifth is not heated, 

The ernuls:ii3ns are theni cooled to rooits temperature ^nd tl^e cojitent of the 
fivfe vlaJ^ Is subjected to lyopHilization accenting to the felfowing promdme. ! rnl 
of eacli emuision is m^^^ end frozen at -S^C; the 

temperature is lowered to --^IS^C during 1 hour end the: emulsion Is then freeze- 
30 dried at -25*C and 0.2 mbar dunng 12 hours fTeistaf LydfeetaBS lyophifeerj^ 
with a final drying step at 30<^C aRd &,t mbar for S hours. 

The iyophllszed prodtsct is thers exposed to an atmosphere containing 35% 
of perfiuoro-n-butahe and 65% of nitrogen and then dispersed In a volume of 
water twice than the inltsai one by gentle hand shaking. Table 12 shows ttse 
35 resu It of the char-acterfeation of the final suspension of mlcrobuljbles. 
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pfeyfobles per ml 
of emulsion 


no heating 


IQA5 


3^ <^^' 


6.41 






4,85 


1.32 


3,67 


7>83 xicv' 


80^' C 


S<34~ 


1,29 


4. 14 


8.51 5<ia^ 1 




6.96 


im 


4,19 




120*C 


3.05 









fmm tile above resy!t§^ app^ar^ th^t fey subjec^^ 
to a therrnfirtreatment allows to narrow the siiKe d?stributlos-i of the fin 
mi€i-obubble suspension, whffe aSso iiifensa^liig the totai owfnber of microbutofotes, 
3 In partlcuSar^ by Increasing the heating temperature abov« :J0O«>Q ; it Js pisssslsi^ 
to obtain a relatively narrow si2;e distrltetton of mmm&btes ^lm m the 
absence of any washing step of the emiHslofi^ as weltas an Incr^ass of tlie total 
number of mlcrobubbtes In the suspension, 

DIstiliod water (10 ml) containing 10 mg of DPPS and J g of manrUtol Is 
heated to 70''C during 15 minutes then cooied to room temperatLire. pi.ppg«. 
Hl»S(l^:2rOlpalmttoy}-sn-glycerc>~3--phosphoethanolamlne-N"["4--(p- 
majefmlslophenyi) butyramlde] Na s^ft - Avsnti Polar Lipids) is added (4,8% by 
yj^lght - fi.;stn,g)> ThiiS: phospholipid is dispersed in the aqueous pliase gslna a 

15 ultrasoundl bath (Srar^son 1210 ™ 3 mir?utes). 

Peffluomheptane {0,S ml fmm Fteka) is emulsified Inthts aquedos phase 
(cooled with a Ice bath) using a high ^pe^ Hpmogenlzer CPolytroii^ t30D0, 
i50Sprph>,< 1 rnihute). 

the resuitfeg emulsion Showed a rn^dlan dianieter In volym^ (Dvss) of 

2!) i,3prri ana a mem diameter in number (D^i) of i^vipm as dstemtln^d with a 
Malyern t»1issterslzer> 

Tha emuissdh Is washied ti'^ce by centrifugatlon the?r r«suspe«d«d In 9.S mi 
of a 10% solution of mannitol in distiUed water. The wash-ed imtilsidr? is frozeri 
(~45^C , S mliiotes) than jfre^ssif dried {uhdfer 0,2 mBar, for 24 hours), 

J5 Atmospheric pressure b restored Isfy mtrodiidhs a 3S/SS hllxture of <:4fti^ 

and air. The lyophlllsale is dispersed In dMIIfed water (Sb ml), ffiicrotsybblocs 
were washed once fay centrifugation and ti^eo redisper-sed in 4ml of an EDTA 
contaming phosphate buffered saline (molar composition; lo mM phosphate, 
2,7 mM KCh 137 mm ma, 10 mH EDTA), containing 3,4 mg of thioacetylated 

;0 avidin, 400 pi Of a hydroxylamSne solution (13.92 mg in FBS SO mM,- pN ; 7.5) 
were -addBd to deprntect ti^e thiol igmup c^F the thioacefcylated avidio. 
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The suspension Is stirred by jfsyersten am a disk rotator (Fisher ScieatllSc) fer 
2 hours. Then 150 pi of NaOH m were add^<^. 

The so ol^tained av'fdirs--lafe«ped micmbyfefoie^ vvBre i?«ashe«l twice with P>BS 
&y centrSfugatiOFJ {16000 rpm, 10 minutes, Sigma cantnfugf SKlCf)* the 
5 mfcro&ufobte s«6|ien$lari obtisiined is analyse*:! mlng a Coulter cpunter sbov^kis a 
Dvsti dfarneter of 1.6 fjm and a Dji of 1,2 jjm. 

The eff^e^acy of target*^ micpobubb!es comp<^^^ feotl^ in vitro 

md in V!vo< 

10 To test the effective feoriding of acetylated evlslm to the surfsce of fche 

mscrobubbles, two sets of fsbrln contammg wslls wsre prepared, in the first set, 
only a "fibr'm surface Is present. In the second set the fibrin Is prs-treated witit t 
biotm-labeiled antlflbrln peptide CDX~27S, disclosed in WO 02/OS5S44), 
Microi?!.sbble suspensions prepared as above were added to the x.^v'eils (SxiO''* 

IS mlcrobybblesAvell). Afrsr 2 hours of incubation (upskie dawn) and severai 

washings, the flisrln surfaces in the two set of wells wer e observed by mesns of 
ari optical microscope. While essentially no rnicrobubble could be observed In 
the i^ells >A?|thou$ t|ie biotli^yl^te^ peptide, a massive coverage of 

microbabbies weas observed In Sbe blotlnylated abtinbrln peptide coritalrfing 

20 wells* 

MMx^mm^n^^i A thrombus is formed In tbe abdominal aort^ of two 
rabbits fey the FeCis; metbi?^ (idckyei? et al 1999 , Journail of Cardiovascular 
Pbarmacology^ vol 33, pp 718-725). 

gcbo Jmaglng p^rforrned with an H0X SOOO ultr^souod machine (Philips)^ 
25 pulse Ibverslo!! mode, 17-4 probe, MI; 0,07, 

A biQtinylsited antibody {CD41 specific fbr the aPIIS/IilA receptor ef 
adt?y^t«d pIMelefcs) is then injecited Iritravejiously to the two rabbit 

After 30 mintttes, the micrbbdbble suspenslors cosTSprlsihg evidlnrlebelted 
microfoufcbles Itijacted IntravenoiJisly (15(1 CJ^ rnlcrbbubbles/ml)^ 1^ the first 
30 rabbit, Fiffceen minutes after the injection, a strong opacification of the thrombus 
is observed for the suspension. This opadiflcation Is still visible after at ieast one 
hour from the injectlon> 

The same amount of the microbubble suspension without avidirvtebeile^^ 
microbubbles is injected Intravenously ir? the second rabbit. Only a light 
35 opaclfscation of the tbremteys is observed. 



CLAIMS 

Method for pmpanng a iyophilszed matrix which, upon contact with -an 
aqueous carrier llquJd and a gas, reconstitutable into a suspension of gss- 
fHled micmbubblas >3tab!fi2ed predominant:lv' by s phmpholipld, sajd: rnathod 
5 comprising the sfceps of: 

a) preparing an aqueoos-os-ganic emulsion comprlsInQ i) an aqueous medium 
indudifsg water, ii) an organic solvent substantially immiscibie with water; 
i'ii) m ®miiisUyUig composition of amphlphlilc mafceriafs camprssing more 
than S0% by weight of a pbospfjoSlpid and lv| a typprotectsng agent; 

19 b) lyophilizlng said emufelf led mixture/ to obtain a lyophillaed m^tHx: 

comprisfeg said phospholipid > 

2, Metihocl for preparing m Inlqctahle contrgssi: atgent conipnslng a liquid 
a<l«eous suspension of ga$*fllbd m staialil^i^d pretJohilhantiy by' a 

15 phospiTtdllptd^ which oompHses the ^teps of; 

a) preparing an aqueous-orgenfc smuision comprising f) an tqu^us ni^^ium 
IrtcludlhS >i^stsjr, ll):^r| ^rgssnlc splvent sui^^ immlisclble wsth water; 
lit) an emulslfyliig cpmposltloo of amphiphlllc miiateriaj® oompilssng more 
than 50% fey weight of a phospholipid ahd iv) a iYoprsitecting agent:; 

20 h| lyophilizing said smuLsion, to ofctab a iyophllfeed rfjiatnx comprising said 

phospholipid; 

c) contacting saki iyophlllzsd matrix with a bsocompatibla gasj 
4) reconstituting said iyophfli^ed matrix tjy dissolving It into a physsologicaify 
acceptable aqueous carrier liquid, to obtain a suspension of gss^-fdied 
as micmbubfoles stahiitead pmdomlnantly by said phosphoi|pi<J< 

3, l*^!®thod according to claim 1 or 2 wherein the step a) of preparing the 
smylsion comprisss the following steps; 

ai) preparing a suspension by dispersing th^a emulsifying composition and the 
30 lyoprotectiye a^^pt In the a^deous fpedlup-v^ 

aS) admsKlng ths ohtsined suspension with the organic scfvent; 

b3) submimnig tha mliijtufe tp cohSfoiiad a#tatlpp, to oht^in §n emolslon, 

4, Nethod acs;drding to any of tha preceding elMms, wherein the organic 
3§ solvent has a soluhllity In water of lass than iO g/L 
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$, Hetl:so^ according to any of the precedmg dajms, wJiemifj the sar^snlc 
S0|vertt has a solubjlll^ sn water of t,Q g/\ or |ow¥% 

6. Method aecortlmig to any of the preceding claims, wN<sre|r> tlis Organic 
.5 solvent has <^ splufolilty In water of d«S g/l ©r |owen 

7. M^rno^ according to any of th=e prece^sng clalins^ where»v the organic 
solvent ha3 a solybliitV' In water of abdtst 0.01 g/l or I6w^r> 

10 Method accoaisng to any of the pmcedlhg claims, where! the or^fanfc 

salvent has a solwbllity In water of 0,001 g/| or fewer. 

9. Method: according to claim 1, wherein fche organic solvent is seiected amona 
branched or linear alkanes,, alkenes^ cydo-alkanss, aromatic hydrocarbons, 
IS alkyf ethers,, ketones, hategenated hydrocari^ons,. perfluorinated hydrocarbons 
and mixtures thereof. 

10- Method stccordfng to dafm^^ wherasn the solvent is seiected ssmong penlana^ 
hexane, heptane, octane, nonane^Jdecane,- l-pentene,- 2-pentene, X-ocfcsne, 

20 cytiopeiitanei cycloliiaJtasEife, c^loactane, l'm#:hy;j-icycbhexane^ feenzsne, 
tpteene, et-hyJbenzane, l,a-dimethylbeh2:ene, i/S-dini^thylbenzene,, di-feutyl 
ether and dl-l^dpFiopylketpRe^ dilorofofm, eai^on tet;rachiorlde^ 2-Ghioro:i'l,.. 
Cdi^uorornethoxy)-3i,i,2-tdf1tJdroetha^n^ 2-di|oro-2~ 
(diiiiorbmathdxy) - 1 ?! ,1 <Tif1iiofoett)i^ nte {teofiurane) , tekachloro- 1^1 - 

25 dIfliforoetJiane, perffuoropentane, perfluorohexarse, peii^uordh^ptane, 
perfluonondnana, perfiworobehxerja, pesilMQra^^ 
Fnethylp^rfluombotylei^^^ 

ethyipsrflyorobytyJether, sthyij:)erf!iJO^^ and mf^tyres thereGf 

M tx. Method according to any of tha prf^c:ed|ng cfasmsj. wheraiit the amount of 

organic solvent is from abom i% to about S0% by vofume wii^ respect to the 
amount water. 

12, Method according to any of ths preceding claims v-'herein the lyoprotecting 
35 agent Is seiaci-ed among carbohydrates, sogar alcohols, polyslycois and 
mixtures thereof- 
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t3, H#;lidd aceorting to dalm la w the iytapr^t^cfeing agent Is selected 
arnong glucose, galactose, fructose, sucrose^ tmjialose, msltose, tectose,. 
amyios% amyidps!ctln> tey^lodsxtrfnSj dextrin, Jnullr}©, soiubte stsrch, 
f>y<|m»yat:hyl starch (HgS), erythritoi, rnannitoS^ sorJ^ltdl ^ p«siyet!i>ften«sly#is 
and mixtures thesreof. 

14. Method according to dasm 12 or 13 wharesln th^ amoMRtof 

agent froiif^ aboiit a,'^!* to about 25% by weight with mspecl to tte wesgM M 

15. Method according to any of cfaims l, 2 or 3 wherein the phosphoHpki ls 
sstectecl among dnauroyl-phofphaddyichoiine (DLPC), dimyristoyl-- 
phosphatidyfchollna (DMPC)> dlpaln-^ltoyi-phosphatldylcholine (DPPC)., 
diarachidoyl-phosphafcldytohoNne (DAPC), dlstearoy^-pnosphatldylcholsne 
iOSPC), dioteoyl-phosphatsdylchofsne (DOPC)_, 1,2 Oistearoyf ~sn--g!ycerO"3" 
Ethyl|3:hosplifaj*!diloe (EthyhDSPC), d»|?entadscanoyl~phosph3tkiylchoHoe 
(Df^DPC), l-rnyrlstoyrfa'^pafmitoyhjphosphad (MFFC), l~palmitoyh2- 
royrlstoyj-phosiphatldylchollne (PNPe), l-palmstoyf-2-stearGy|- 
phoSfshatidySehoJIns (PSPC), l-stearoyha-paimltoyl-phosphatidyrctsolme 
(SPpe), ), x-paimltsjyi-a-olsyip^ CPQI^C), i~ol8y|~2-paimit»yl~ 
phosphatidylcholine (OPPC), dilauroyi-pliosphatldyi^ (DLf>G) and Its 
alkali metal se»lts, dlar^i^ldoyiphosphatidy^glydeml (DAPiS) aiid its alksN rn^tdi 
sBlts^ dfmytl^oylphosphptfdyiglycer^l (dNp|S) and its alkail rnetal s^i^s, 
dipalmitoyiphosphatMyi^Jyceml {DPPG) and its sikaii metal saife, 
dlstieansyiphosphatldylglycsro C^^SP^S) ^nd aikaiij mg*al dloteoyl-v 
phosphatldyfgSycsr^i (D6P0) and fts alkali metal saits^ dlnsyristoyl phosphaddSc 
add CDM PA) and Its^lkali metal safe, dipsMhiltoyt phospiiatidk acid (mPPA) 
and its aikail metaS salts, distearoyi phdsphatidic acid (DSPA)^ 
diarBchfdoylphosphatidic add (DAPA) and Its aikali matai salb, dtmyhstdyl- 
phospliatldyfethanoianvsne (DHPE), dspalmjtoySphosphatldyfethanofamine 
(DPPE), dlstsaroyi phosphatldyl-ethanofamine (DSPg), dioleylphasphaSdyi- 
ethanolamme (DOPg), dlarachidoylpfeosphatidylethanolamlne (DAPE), 
diiinoiey(phospha«dy{ethanolamlns (DtPE), polyethyteneglycol modifsed 
dimyiistoyl-phosphatfdylethanalamine (PHPE-PEG), polyethyleneglycol 
modified dlpalrnitoylphosjshatldylethartolamfrte (OPP£~PEG), polyethyleneglyeol 
modified distearoyi phosphatldyi-atiianolamlne (OSPe-PEG), pofyethyienegiycoi 
mpdmed dloleyiphosphatidyl-ethanQjamlne (DOPE-PEG), polyethylenaglycoi 
modmed dlaraclildoylphosphatldyf^tteaolamloe (DAPE-PEG), 



dimyrlstoyl phpsphatMylserlne (DMPS), diamchldoyi pl»spha|!o>lsef in© 

5 and dlstearoylsphiinsomy^iln (C^SSP) and mtKturss^^t^^^^ 

i®» Method atccording to cSaim 1 wHereIn the eriiulsifying osmpos^^^^ 
amphiphiSic materials comptrlses a phosphQlipSd or an amphlptllllc material 
bearing an ov;emll net charge. 

10 

17, Hathod accof-cSsng to clslm 1, 2, 3 or 13, wherein the ^mmmt of 
phospholipid is from aboufc 0.005% to about i,0% by wesght i^fth r«sp«el t» 
the totai vvei§xht of the ©mulsjfsad mlxtisre. 

15 IS, l*fl«thodi according to claim 17 wherein i:he amount of phosphoiipRl is from 
p.o|% to 1,0% by . weight with respect to the total v*?eight of the em ulsified 
mixturig. 

S:^x >1ethod according to daJm i, A or 3 v^fherein the phospholspSd Mdudes a 
20 targeting i{gan<J or a proteGtlve raaetiy^ grpap tiapafe^ with^ 
targi eting Hga nd * 

20, Heth<xl ^ccosxilng^^^ 1, a , 4 IS or is wh«refn the emuJssbh 

farther contains an arpphiphiNc materiai saleGt€k| from ly&olsplds;; fatty acids 

25 and tWir r$sp^c?:ivfe saltS! with afkatS or alkail matals; ilpids tering pofymers; 
lipids bearrnp sulfonated mono- di-, aligo- or pdiysaccharSdesj lipids wfth ether 
or ester-iinked fatty acids> polymariged lipi#; dfacetyl phosphate; dSeetyl 
phosphate; steai-yiamine; ceramides; paiyoxyethylane fatty ^dd esters; 
pcsfyoxyethylerse fatty aicoholsj po!yoxyetl>ylens fatty ^Scohoi: ethersf 

30 pQlyoxyethylated sorbitao fatty acid estssm; glycerol pbiygsthyi^nfe glycpl 

neSnolaate; ethoxylated soybears sterols; ethoxy iated castor oil; etli:yle«e oxide 
(£0) and propylene oxide (PC) block copolymers; sterol esters of sugar adds; 
ssfcsrs of sugars with aliphatic adds; esters of glycerol with .(Cia-Q^) 
dicarboxylic fatty adds and their respective salts with alkali or alkali-metal 

35 salts; saponins? long chain (Cj^-Cm) alcohols; 6~C5<-cho!estan-3p~yloxy)~l--thlo- 
? "CJ-galactopyranoslda; digaiBctosyldiglyceridis; 6-{:S~cholesfcen-3 p - 
y1oxy)hexyl--6''amsno~6-deoxy'>l-.thiO"- p -D-g alactopymnoslde; 6 -(S-chotesten- 
3 p -yloxy)hexyl-6~ammo>-$-deoxy!'-dl--thfo~ p-D-iTaanrjopyranoslde; 12~(C(7'~ 



(((y'-diethylamwocoumarln- 

8mi^#p#m^1|e add; l^-sufcc|f?iyldlpl6ylphosph 1 -hexa^ecy'l-^ 

i-pajm!toy1glycemphosplioethano 
5 alkySammoftlum salts compripfsg at tesfst ope CCurCse) alkyichaiftj tertiary or 
quaternary iammonlum salts comprising^ i^st o»e (Cie-Cig) acyf ctein lirjksd 
to the N~atorn through a (C^-Cfe) afkyteo© bridge; and mmturss or 
comtelnatSon&v thQFepf^ 

10 Six Method according to claim i or 2 wherein the aqueous-organic emaMosi of 
step s) is subjected to a v^a^hlng step before tba iyopfeilte|r?g sle S3}. 

22. Method according to claim 1 or 2 wherein the aqueous-organte emulsion of 
step a} Is subjecfced to a microrlltratlon step befom theJyophlilzIng step b), 

15 

23x Hethod according to dsim 1 or 2 which furt:her comprises adding an 
aqueous suspension comprising a further amphlphsilc compound to the 
aQUeoiis-orgahic emUlsio-n obtained according to si;ap a), before the 
lyophlSlzatSors step b)^ thus obtaining a second aq;uediis--org^hsc entulsion 
20 corpprSsSnig said forther attipNphllic compound, 

24* Method accof^lrsg to claird 23 Which lurthdr ciomprises heating the mIxtMre 
of said aqueous suspension and of said aquoous^organlc emulslon. 

2S 2S» Method according to dolm 23 wherein said; mJxtLfm is^ heated at a 
tompemture of from about ^Q^'^C to ^bout SO^'C, 

Method accojxSIng to claim 23 whe saM ^l^phiphlljc Oompound Isa PES- 
fT^ddified phospholipid, a PSG-modlfied phospholipid; bearing a resctlve moiety 
$0 or a pE0-modif!ed phosphoilpld beatfdg a targsitlh^ Hgand 

25*, Method according to claim 1, 2 or 23 which further comprsses^ isefore the 
lyophlflzatlon step b), sMbJ^Sctlng tiss aquepus-organic arnuislon to a contmited 
hesting, 

35 

as. Method according to claim 27, wherein said contfxslied heating Is effected at 
a temperature of from about 60 -C to 3,25 ^G, 
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29, ^pthod giccorcling to claim 28( wherein said controlled heating Is «lf^cte 
a temperature «f from about 8G«C to i20*C. 

MetHo«i aeeording fcd claim 28, wherein said smuMon Is cefjt^jBed in a 

31, ^^ethpiS aocordfrtg to dmm 2 or 3 vvhersin the tjiocompatlfele gas is setectSid 
among air; nitrogonj oxygonj earbos dioxide; hydrogeo; rjltroas dxicier mert 
gases:; a low moSecular wefeghe hydro^rbofj> Inclodlng a CCi^C/) slkane^ ^ ^Cr 

10 C?) cydoalkane, a (C^-C?) alkene arid a (Ca-C?) a?kyne; m ether;; a ketone; m 
eseef; a hatogeristed CCi^-C?) hydroca^fe^ ketone or ether; »ra mfxtyre of any 
of tM foregoing, 

32. Method according to claim 31 vvherssn r.he iiaiogenated hydrocarl-jon gss is 
is selected among fercmochlorodlfluoro-methane, chlomdifluorometha ne,, 

dichSorodilkioro- methane, Isa^motrlffuoromethsne,, chlorotrsfiuorcsmethane,* 
chlompentafluoroethana, dichlorotstrafltioroethario and mixtures Shareof. 

;^3> Method ac;coai|«9 to claim 31 Wherein; the haiogenated hydrocarbon gas is a 
20 iij^rf 1 dorlnated hydi;dcar^^ 

34i Method ^cdpJ'dfrjg to claim 33 wherein the perfiuprlnated hydro Is 
perffuorometb^iine,: perfiu^roe^^^^^^ perllwropiropariey a peffluordbutante, a 
pe?f loompehtaney a peslRuorGfiexanf > ^ perfl perlluoropropene; a 

2S perflworofaytene, perfiuorobBtadiena, peirfluorob«tv2-yrier 
perflwordcydobtitanei^ perfloororh^^thylcyoiobutahai, a 
peffluorodlmiethyfcyclobutane, a perfiuorotHmethylcyGb-butane^ 
perHyorocycIo peritan®^ per fiyoromethylqffcidpehta ile^ a p^tfl uorodimethylcyde- 
pentani>. perfSuorocycldheKane, perfiuoromethyfcycfdhexane^ 

30 pertliioromethylcycioheXaPe and mlxttjres thetedf* 

3S, Isijectable aqueous suspension of microbubbies fdied wsth ^ l>|ocompatible 
gas and comprising a stabljlzlng layer predominantly comprising a 
phospholipid, wherain said microbubbles.have a number mean .diameter {D^} 
35 of less than 1.70 pm and a volume rnedian diameter (Dvso} such that the 
Dvsc/Osj ratio Is of about 2.00 or lo«fen 
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Aqumous smpmstm'i Bcmrdln^ to cislm 35 wliereirj sasfl mferobubbles have 
a value of 1,60 pm or lovy^r^ prMara^^^ oriower, m©f"^ 

pmferably 0f 1,30 pm or iowsr* 

$ 37» A.que0us susp^nslssn accordirsg to dalm 3S whemlii said mlcmbubb!^^ iwe 
a E>vs6/0f« ratio of abot^t 1,80 or iciy^er, preferal3>ty of ab©Mt 1,60 or Jaw^r> Triors 
!?referably of about; 1,^0 pr ioww> 

3B. Contr^t ag^nt for use In ^lagncstlc; Imagtncf compmirig an aqiseous 
10 suspenslort sccofding to any of thei claims 3S to 3?. 

Method for diacnostic Imaging comprising a^bilnlsterlJlg to a supject 5| 
contrast-enhancing amount of an aqueous suspension according to any of tile 
cialms 3S to 37 and imaging at isast a past of said subject, 

IS 

4&. ' Method according to claim 39 which Includes Insonating said subject |)y 
means of ars ultrasoynd device genoratirsg an ultrasound wava with a 
prsdetarmlned transmit frequency, from which a corresponding resonance sizs 
Of micfdbubbles Is datermioad, and admsoistering ^ contrast agent comprssfng 
20 f asrliil^d microbMbfelas! haying a narrow Siz& distribution and a mear; si^^o dose 
to bcilf th« resonaneo sfee. 
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